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of t he d i f f e r en t valence s t a t e s of a metal ion and the 
l a t t e r needs spec i a l i z ed equipment. In t e r fe rence in these 
separa t ions from other ca t i ons has also been s tudied . 
P r e c i p i t a t i o n chromatography of s i l v e r and 
mercury has been s tud ied on strontium chromate papers to 
achieve f a s t and semiquant i ta t ive de terminat ions . I t has 
been found poss ib le t o determine aptiroximately five micro-
granis of Ag( i } and Hg(i) in the presence of many common 
c a t i o n s . 
Since paper chromatography i s being used more and 
more for the sepa ra t ion and determinat ion of metal ions i t 
i s important to have some c r i t e r i o n by which one could 
p red ic t a s u i t a b l e so lvent system." Attempts have been 
made to study the use of d i e l e c t r i c constant for t h i s 
purpose. Hence a d e t a i l e d study has been made of t he 
e f fec t of d i e l e c t r i c constant on t h e Rf values of metal 
ions in various alcohol-formic acid systems. I t has been 
shown t h a t i t i s genera l ly possible t o expla in Rf values 
of miost metal ions in a lcohol-formic acid system on the 
b a s i s of D .E .C As > Sb and Sn have been found to show an 
except ional behaviour. 
The d i s t r i b u t i o n of Sb as Sb Cl^ has been 
s tudied between anisole and aqueous formic acid and i t 
has been found t h a t 3M i s the optimum HCl concentrat ion 
for e x t r a c t i o n of Sb Gig in the organic phase. 
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( II ) 
A B S T R A C T 
Paper chromatography of metal ions has been studied 
with special reference to tin antimony and mercury. 
Successful'methods have been developed for the separa-
tion of tin and antimony which were rather difficult to 
separate by paper chromatography. Fast and selective 
separations of the different valence states of Sb and Eg 
by paper chromatography are described. Semiquantitative 
determinations of Ag and Hg have been achieved by preci-
pitation chromatography. 
The chromatography of numerous metal ions have 
beeh studied in different alcohol-formic acid systems 
and correlation has been developed between the dielectric 
constant of the solvent system and the Rf values of the 
cations. Finally the distribution coefficient of Sb Clo 
has been measured in anisole-aqueous formic acid systems 
using radioactive methods. 
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CHAPTER 
I N T R O D U C T I O N 
Of t h e v a r i o u s a n a l y t i c a l t e c h n i q u e s a v a i l a b l e fo r 
t h e s e p a r a t i o n and d e t e r m i n a t i o n of metal ions» paper 
chromatography i s e s p e c i a l l y s u i t a b l e f o r h a n d l i n g m i c r o -
amounts of complex m i x t u r e s ( i 4 , 2 6 ) » I t i s p o s s i b l e i n 
t h i s way t o g e t r i d of many i n t e r f e r e n c e s r a p i d l y and 
e f f i c i e n t l y . The method i s so v e r s a t i l e t h a t by p roper 
s e l e c t i o n of s o l v e n t system ( 1 8 , 2 4 , 2 7 , 3 2 ; , t e m p e r a t u r e 
( 3 , 1 7 , 3 5 , 4 3 ) , and i m p r e g n a t i n g a g e n t s ( 8 , 9 , 1 0 , 1 2 , 3 4 , 4 0 ) , 
i t i s p o s s i b l e t o r e s o l v e any mix tu re i n t o i t s components. 
I n f a c t t h e v a r i a t i o n s p o s s i b l e i n t h e t e c h n i q u e of 
paper chromatography a r e de te rmined on ly by t h e l i m i t of 
human i n g e n u i t y . A p a r t i c u l a r l y i m p o r t a n t example i s t h e 
s e p a r a t i o n of p l a t i n u m m e t a l s u s i n g SnClg - HCl systems as 
s o l v e n t . The m e t a l s form Sn^^ complexes i n s i t u and a re 
t h e n e a s i l y s e p a r a t e d from one a n o t h e r ( 3 0 ; . For t h i s 
r e a s o n chromatography has found a p p l i c a t i o n s n o t on ly i n 
i n d u s t r y (36»49) b u t a l s o i n t h e o r e t i c a l s t u d i e s ( 1 3 , 2 9 , 4 7 , 
5 4 ) . A novel a p p l i c a t i o n i s t h e a n a l y s i s o f a two component 
mixture of i o n s e . g . La-Y by means of chromatographic 
s p e c t r a ( 3 3 ) . 
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The separations achieved by paper chromatography 
depend primarily upon the d is t r ibut ion of the solute 
between stat ionary and mobile phases (17»21>39»55}. Other 
factors l i ke ion exchange (1,28,44,45; and adsorption (15, 
32,42,50) are also res|)onsible to a cer ta in extent in 
effecting the d i f fe rent ia l migration of ionic species on 
paper. For instance i t was shown by Ackermann (1) that 
the ion exchange capacity of a paper i s proportional to i t s 
cellulose content which i s reduced by acid washing but 
restored by alkal i treatment. 
The d is t r ibu t ion of solute between two phases i s 
governed by numerous physical in teract ions vrhich are exhi-
bi ted by the solute for the stat ionary and mobile phases 
(19). I t i s therefore clear that the solvent composition 
( 2,4,5,6 »7 ,16 »20,22,23,24 ,25,29 ,31,37 ,38,41,46 ,47,48,49 ,51 , 
52,53,54) has a very important role to play in the chromato' 
graphy of ionic and non ionic species. For these reasons 
in the l a s t few years there has been renewed in te res t in 
the fundamental aspects of paper chromatography (37,38,46, 
47). Thus A.J. Tomisek (53) found tha t control of water 
content of paper i s necessary for reproducible resu l t s in 
chromatography. I t i s the desire of every analytical 
chemist to be able to predict the solvent system applicable 
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to the par t icular problem (11,21). With these ideas in 
mind equations have been developed which can correlate the 
Rf values of a substance in a complex solvent system i f 
the Rf values of the same substance are known in pure 
components composing the complex solvent system (51). The 
present work was therefore undertaken with two objectives 
in mindS ( i ) To develop be t te r and more useful methods 
for some d i f f i cu l t and important separations and in t h i s 
way to extend the u t i l i t y and application of t h i s technique 
in inorganic analysis , ( i i ) To correlate as far as 
possible the Rf values of n^tal ions in untreated papers 
with solvent composition. To study the f i r s t aspect we 
decided to concentrate on common metals l ike t i n , antimony, 
and lEercury. Some of the problems which we have tackled 
are« ( i ) Separation of Sn^ and Sb"*" which was rather 
d i f f i cu l t to achieve paper chromatographically. 
( i i ) Separation of different valence s t a t e s of antimony 
and mercury for \Jiich f a s t and select ive solvent systems 
were not avai lable , ( i i i ) The separation of mercurous 
and s i lver from numerous metal ions by precipi ta t ion 
chromatography. 
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To study the second aspect,.we decided to investigate 
the migration of numerous laetal ions in alcohol - formic 
acid systems* Thus keeping formic acid common in all 
these systems it was possible to explore the effects on 
the migration of ions due to small changes in composition 
of the solvent system which resulted when one member of 
the homologous series of alcohols was substituted by 
another. By B such a systematic study we could also 
interpret the effect of dielectric constant on the Rf 
values of metal ions. Since polarity of a system is hard 
to define it is useful to have some easily measurable 
property -vAiich can help in the proper selection of 
solvent systems. We have tried to find out the value of 
dielectric constant for solving this particular problem. 
We also tried to study the distribution of Sb 
between formic acid and anisole. Since this solvent 
system was very helpful in separating Sn"** and Sb"*" it is 
quite likely that it may find some utility in the separa-
tion of the two substances by solvent extraction. Using 
Sb"^ ^ we studied the distribution of antimony trisShloride 
between anisole and aqueous formic acid. More work on 
4,0 
similar lines is necessary for Sn before it will be 
possible to correlate the Rf values of these ions with 
- 5 -
their distribution coefficients and to ascertain the 
utility of anisole - formic acid system for the separati'D^ .. 
of Sn(ii) and Sb(iii;. 
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CHAPTER I I 
S e p a r a t i o n of Sn"^  and Sb"*"*^  
Arsenic> an t imony, and t i n form 2nd B group i n 
t h e s e p a r a t i o n scheme of F r e s i n i u s . However a r s e n i c i s 
easy t o s e p a r a t e from t i n and ant imony. Sn"*" and Sb"^  
a re r a t h e r d i f f i c i a l t t o s e p a r a t e owing t o t h e f a c t t h a t 
t h e i r p r o p e r t i e s resemble very c l o s e l y . They occupy 
s i m i l a r p o s i t i o n s i n t h e p e r i o d i c t a b l e . Thus t i n i s i n 
IV B group and antimony f i n d s p l ace i n V B g roup . T h e i r 
e l e c t r o n i c s t r u c t u r e s a r e g iven below J 
Sn (50) Is^, 2S^, 2p^, Ss^, Sp^, 3d^°, 4s^, 4p6, 4:6?-^ 
5s^» 5p^. 
Sb (5i; ls2, 2s2, 2p6, Ss^, 3p6, Sd^ *^ , 4s2, 4p6, 4d^^, 
5s^, 5p^. 
+ 2 
In the formation of Sn the last two p electrons are 
removed while in the formation of Sb"*" the last three p 
+ 2 +"-5 
electrons are lost. Sn and Sb have therefore the same 
electronic structures except for the difference in the 
- 12 -
number positive charges. This probably explains the i r 
similar properties and accounts for the d i f f i cu l t i e s 
experienced in the i r separation. 
Paper chromatography also does not offer a very 
neat and successful method for t h i s separation (3 ) . 
Pollard (4) separated the two ions using coll idine 
saturated with d i lu te n i t r i c acid in 35 hours. Bur s t a l l ' s 
separation of the two cations with acetyl acetone-dilute 
hydrochloric acid (saturated) was not sat isfactory since 
Sn"*" t a i l e d from the solvent front ( 1 ) . Oxidation of 
cations to t he i r h i ^ e r valence s ta tes prior to chromato-
graphy, a method advocated by Harasawa, also fa i led (2) . 
The method proposed by Stefanovlc (b) reojiired twenty one 
hours and could not be reproduced by us . The present 
study was therefore undertaken to develop a suitable and 
selective separation of the two cat ions . 
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E X P E R I M E N T A L 
Test so lu t ions i Cation so lu t ions were 0 .1 M except 
t i n ( i i ) and antimony ( i i i ) ch lor ides* which were 0.2 M. 
N i t r a t e s of Ag" ,^ Pb**"^ , Cu^^, Cd**"^ , Al^^, Gr"^^, Go"*"^ , Mi^^ 
Ni"^^, Zn+2, Ca+2, Ba'^^^ g^+2^ ^^^+2^ 3^+2^ ^j^+4 ^ ^^+^ 
llAOg**"^ , Ce"*""^ , Zr"^  andLa'*''^ were d i sso lved i n d i s t i l l e d 
water with s u f f i c i e n t n i t r i c acid to prevent hydro lys i s . 
Arsenous ox ide , bismuth c h l o r i d e , and f e r r i c chlor ide 
were d isso lved i n 4M hydrochlor ic ac id . 1.89 gms 
stannous chlor ide and 2.0 gms antimony t r i c h l o r i d e were 
d issolved in 15 ml hydrochlor ic acid and d i l u t e d t o 
50 nil by d i s t i l l e d water . ^ su lphur ic ac id was used t o 
d isso lve vanadyl sulphate and fe r rous su lpha te . 
Reagents! All r eagen t s used were in the pures t form 
a v a i l a b l e . Acids formic, a c e t i c , p rop ion ic , b u t y r i c , 
i s o v a l e r i c , oxa l ic and c i t r i c ? propanol , i sopropanol , 
pen tano l , oc t ano l , a l l y l alcohol and cyclohexanol; acetyl 
chlor ide , e thyl a c e t a t e , propyl ace ta te ; acetone, e thyl 
methyl ketone^cyclohexanone and acetyl acetone were 
E.Merck p roduc t s . B.D.H. reagents used were* L a c t i c 
ac id , t a r t a r i c ac id , benzoic a c i d , methanol, bu tano l , 
i sobu tano l , palmitoyl c h l o r i d e , a c e t i c anhydride. 
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acetaldehyde, formaldehyde, 2S4-hexandione^ aniline > 
quinoline, ammonium oxalate , ammonium carbonate, 
ammonium chloride, glucose, naphthalene, sodium chloride 
and potassium chloride. Anisole from W.J .Bush (London) 
was used. Ethanol was purified by double distillation. 
Spot solutions were made from B.D.H. or E. Merck 
products. 
Apparatus and Procedure'» Ascending chromatography was 
performed in 15 x 5 and 3U x 5 cms museum jars. Shandon 
glass cabinet was used for descending work. S & $ 3043a 
and Whatman No.l papers stripycA into convenient sizes 
were taken. 11.5 cms Whatman No.l circles were used for 
Kawerau circular chromatogtaphy apparatus. 
Thin glass capillaries were used for spotting and 
one spot (appBox.0,002 ml) of the test solution was applied. 
The paper was conditioned for fifteen minutes in ascend-
ing and thirty minutes in descending chromatography. 
Time of development was forty five minutes, two hours,$ 
and twenty minutes for ascending, descending, and circular 
chromatography respectively. 
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Detection I Detection was performed with standard 
chromatographic reagents. Yellow ammonium sulphide was 
used for Ag"^ , Hg"^|, Hg"^^, Pb^^, Cu^^, Gd"^^, Bi+^, As"^^, 
Co"^^, Ni"**^  and 11"^. Al"*"^ , Cr"*"^ , Zn"^^, Mn"^^, Ca"^^, Mg"*"^  
and Be were located by 0.5^ alcoholic solution of 
aluminon, made alkaline with ammonia. Alizarine (0.1% 
in alcohol) detected La"^^, Ce"*"^ , Zr"*^, V"^ and Th"^. 
+2 +2 0.5^ Alcoholic rhodizonic acid was used for Ba and Sr . 
I]'\0o arid Fe were detected with potassium ferrocyanide 
and phosphomolybdic acid (10^ aqueous) was used for Sn"*" 
and Sb"^ .^ 
R__E__S___U__L T S 
(a) Separation of stannous and antimonous ions. 
A large number of pure organic liquids and 
inorganic solutions were tried for this separation. 
Some of the developers were s 
Propionic acid* butyric acid> isovaleric acid» palmitoyl 
chloride, acetyl chloride, acetic anhydride, aniline, 
diethyl amine, methyl cyclohexanone, anisole, ethanol, 
methanol, n propanol, n butanol, n pentanol, isobutj^ i 
alcohol, isopropyl alcohol, acetaldehyde , propionaldehyde. 
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fo rmaldehyde , q u i n o l i n e » 2 J 4 ~ h e x a n d i o n e ^ l a c t i c a c i d , IC^ 
s o l u t i o n s of u r e a , t h i o u r e a , s u c c i n i c a c i d ^ t a r t a r i c a c i d , 
c i t r i c a c i d , ammonium c h l o r i d e , sodium c h l o r i d e , p o t a s s i u m 
c h l o r i d e and sodium b i s u l p h i t e . Rf v a l u e s of t h e two 
c a t i o n s i n some of t h e pure s o l v e n t s a r e g iven i n Table I . 
T A B L E 
, o ,u3 
Rf v a l u e s of Sn and Sb i n some pure s o l v e n t s . 
So lven t Sn"*"^  ^ ^ Sb"^^ 
Water 0 . 5 T 0 .00 T 
Methanol 0 .75 0 .00 & 0.58 
E t h a n o l 0 .73 T 0 .00 T 
n Propanol 0 .70 T 0 .52 E 
n Bu tano l 0 .00 & ^ . 6 2 0 .00 T 
I s o b u t a n o l 0 .70 0 . 5 3 T 
n P e n t a n o l 0 .62 T O.OOT 
Glycol 0 .70 0 .82 
Acetone O.Sg 0 .00 & 0 .3 T 
Formic a c i d 0 .32 0 . 4 1 
. . . c o n t d . on page 17 . . . . 
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Acetic acid 0.17 E 0.44 E 
Acetic anhydride 0.64 O.e T 
Propionic acid 0.10 E 0.30 
Butyric acid 0.00 T 0.00 and 0.20 
Isovaleric acid 0»0e 0.00 and 0.15 
Ethyl acetate 0.00 T 0.00 and 0.21 
Ethyl propionate O.lg E 0.36 E 
Ethyl benzoate 0,00 O.le E 
Aniline 0.19 0.00 
10}{> U r e a 0.7 T 0.00 T 
T t Tails; ES Elongated 
The chromagraphic paper was impregnated with ammonium 
carbonate, glucose, naphthalene, ammonium oxalate, benzoic 
acid and sodium thiosiilphate etc. » prior to the develop-
ment. Double development of the paper sho^ ;^•ed good 
results which are summarized in Table I I . 
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T A B L E - I I 
R^ values of Sn"^  and Sb with double development of 
the chromatogram. 
F i r s t 
Developer 
Second 
Developer 
Sn +2 R-( Sb H-3 
Formic acid 
Glycol 
I so -bu tano l 
Formic ac id 
n Propanol 
Acet ic ac id 
Urea 10% 
Urea 1(^ 
0.72 
0.71 
0.72 
0.60 
0.52 
0.80 
0.55 
0.51 
A reference to Table I shows that formic acid is 
the only solvent which causes differential migration of 
the two ions on paper and gives reasonably compact spots. 
Further studies were therefore made to explore the 
utility of this solvent. The results are summarized in 
Table III. 
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T A B L E - I I I 
+ 2 4-3 
Separation of Sn and Sb^ by ascending chromatography 
in solvents containing formic acid. 
Solvent 
Formic 
Formic 
Acetic 
acid 
Acetic 
acid 
Formic 
acid 
Formic 
acid 
Formic 
acid 
acid-Anisole 
(181) 
acid-Anisole 
(li2) 
acid-Formic 
(1*1) 
acid-Formic 
(1S2) 
ac id-Butyr ic 
ac id-Propionic 
(1»1) 
ac id-Propionic 
(1J2) 
Sn-^2 Rf 5T3+3 
0.26 
0.14 
0.33 
0.42 
0.36 
0.19 
0 . l6 
0.54 
0.44 
0.47 
0.53 
0.52 
0.41 
0.40 
Time i n 
hours 
2 
2 
2 
2 
2 
2 
2 
Similar separations were also obtained using the 
descending and circular methods. The r e su l t s are given 
in Tables IV and V. 
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T A B L E I ¥ 
+ 2 +3 
Separat ion of Sn .and Sb by descending chromatography. 
Solvent Sn +2 R. f Sb +3 Time i n hours. 
Formic a c i d -
Anisole ( I J l ) 
Acetic acid-Formic 
acid (1J2) 
Formic ac id-Butyr ic 
acid (1«1) 
Formic ac id-Propionic 
acid ( U l ) 
T A B L E 
0.14 
0.39 
0.31 
0.33 
V 
0.50 
0.47 
0.46 
0.48 
2 
2 
2 
2 
Circu la r paper chromatography of Sn and Sb"^  . 
S o l v e n t 
F o r m i c a c i d - A n i s o l e 
( U l ) 
A c e t i c a c i d - F o r m i c 
a c i d ( 1 S 2 ) 
F o r m i c a c i d - B u t y r i c 
a c i d ( U l ) 
Fo rmic a c i d - P r o p i o n i c 
a c i d ( i s i ) 
gj^+2 R^ 
0 . 3 9 
0 . 5 1 t 
0 . 3 3 
0 . 3 6 
Sb+2 
0 . 6 7 
0 . 6 7 
0 . 5 3 
0 . 6 2 
Time i n 
m i n u t e s . 
20 
20 
20 
20 
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Best r e s u l t s with a l l the th ree techniques were 
obtained m t h formic ac id -an i so le ( l « l ; . 
S e l e c t i v i t y of the separa t ion i n t h i s system was 
t e s t e d for a l a rge number of e a t i o n s . Solut ions of t i n ( i i ; 
antimony ( i i i ; , and impur i t i e s \vere spo t t ed on t h e paper 
in the r a t i o ( U i s i ) . The r e s u l t s are recorded in 
Table VI. 
T A B L E - -yi 
, p 4.3 
Separat ion of Sn and Sb in presence of impur i t i e s . 
impur i ty Sn^^ ^ R^ g^+S Distance in cms 
added between two spots 
Ag^ U.25 
Hg"^ ^ 0.23 
Hg'^ g 0.27 
Pb"^ ^ 0.24 
Cu'^ ^ 0.29 
Cd"*"^  0.28 
Bi"^ "^  0.29 
As"**^  0.36 
Fe"^ "^  0.27 
Al"^ "^  0.20 
0.60 
0.56 
0.60 
0.57 
0.58 
0.58 
0.58 
0.70 
0 . 6 l 
0 .6 l 
1.4 
1.4 
1 .5 
1.6 
1 .7 
1 .3 
1 .7 
1 .5 
1 .5 
1.4 
. . . contd. on page 22 . . 
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Ba+2 
„ +2 Sr 
^ +4 
0.30 
0.24 
0.23 
0.34 
0.24 
0.20 
0.24 
0.23 
0.26 
0.26 
0.60 
0.56 
0.60 
0.58 
0.60 
0.52 
0.58 
0.61 
0.56 
0.60 
1 .2 
1.4 
1 .5 
1 . 1 
1 . 5 
1 .2 
1 .3 
1.6 
1 .7 
1 .4 
(b ) De ta i l ed stud^' of the formic ac id -an i so l e system. 
To study t h i s solvent system i n d e t a i l a number of 
f ac to r s were var ied . The more important among them were 
time of development, time of cond i t ion ing , and period of 
shorj^age. Resu l t s are shovm in the Tables VI I , T i l l and 
IX. 
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T A B L E - VII 
E f f e c t of t ime of development on Sn"*" and Sb"*" 
s e p a r a t i o n . 
0.21 
0.27 
0.19 
0.21 
0.21 
0.56 
0.58 
0.42 
0.50 
0.58 
0.20 
0.30 
0.40 
0.80 
1.3 
Time of d e v e l o p - o ^ .o D i s t a n c e between 
ment i n m i n u t e s . Sn Sb two s p o t s i n Cms. 
8 
10 
15 
20 
30 
I t i s e v i d e n t t h a t s a t i s f a c t i « g s e p a r a t i o n i s 
p o s s i b l e i n 8 m i n u t e s . However a b e t t e r s e p a r a t i o n i s 
o b t a i n e d i n app rox ima te ly h a l f an h o u r . 
T A a L E - VIII 
E f f e c t of p e r i o d of c o n d i t i o n i n g on Sn"^  and Sb"*" 
S e p a r a t i o n . 
Time of conditioning 
in minutes. 
0 
lo 
20 
30 
40 
50 
Sn*^ ^ 
0.28 
0.25 
0.26 
0,27 
0.24 
0.28 
""^  Sb^3 
0.50 
0.58 
0.60 
0.50 
0.52 
0.60 
Dis-
the 
bance between 
two spots in 
cms. 
0.20 
0.30 
0.30 
0.40 . 
0.40 
0.40 
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E a r l i e r s t u d i e s had sho^irn t h a t i f t h e s o l v e n t i s 
l e f t open i t d e t e r i o r a t e s q u i c k l y p robab ly by abso rb ing 
moi s tu re from t h e a tmosphe re . Change i n e f f i c i e n c y of 
t h e s o l v e n t on s t o r i n g was t h e r e f o r e s t u d i e d by p r e p a r i n g 
a n i s o l e - f o r m i c a c i d (1«1) mijcbure and s t o r i n g i t i n a 
t i g h t l y corked b o t t l e . Rf va lues were de te rmined a t 
r e g u l a r i n t e r v a l . s . R e s u l t s a r e summarized i n Table IX . 
T A B L E - IX 
E f f e c t of s t o r a g e of a n i s o l e - f o r m i c a c i d s o l v e n t 
on Sn"*" - Sb'^"' s e p a r a t i o n s . 
R P e r i o d of s t o r a g e P f J ) i s t a n c e between 
of s o l v e n t i n h r s . Sn Sb"*" t h e tv;o s p o t s 
i n cms. 
0 U.20 0 .53 1.4 
Q 0 .23 0 .62 1.3 
12 0 .32 0 . 6 l 0 .8 
18 0.26 0 .52 0 .8 
24 0 .32 0 . 5 1 0 .7 
36 0 .25 0 .45 0 .40 
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The r e s u l t s show t h a t on s tanding t h e eff ic iency 
of separa t ion i s decreased. However the solvent keeps in 
f a i r l y good condi t ion for aoout s ix hours'. 
Since anisole-formic acid i s a new solvent on 
which no chromatographic work has been reported» i t was 
decided to i n v e s t i g a t e the Rf values of important ca t ions 
i n t h i s so lvent system. Resul t s are given in Tahle X. 
T A B L E - X 
Rf values of common ca t ions i n anisole-formic acid 
(1»1) . 
C a t i o n 
Ag"^  
Hg^l 
Hg^2 
p ^ + 2 
Cu'*'^ 
Cd+2 
. +3 
Ao + 3 
As 
„ +2 Sn 
R j ; . 
0 . 0 0 
0 . 0 0 
0 . 0 0 , 0 . 5 0 
0 . 0 5 
0 . 2 8 
0 . 1 2 E 
0 . 2 4 
0 . 0 5 E 
0 . 2 6 
C a t i o n 
A1^3 
c -^^ 3 
Zn-^-2 
Mn"^^ 
Mi+2 
Go-^2 
Ca-^-2 
Ba"^^ 
S r ^ 2 
0 . 
0, 
,00 
RJ:. 
0 . 3 5 
, 0 . 2 8 
0 . 3 1 
0 . 3 2 
0 .26 
0 .26 
0 . 4 0 • 
.00 & 0 . 3 2 
0 . 4 4 
. . . . Contd. on page 26 • 
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Sb +3 
Fe + 2 
Fe +3 
Be + 2 
Zr 
+4 
+4 
V 
T i +3 
0.58 
0 .22 
0 .30 
0 .43 
0.07 E 
0 .30 E 
0 .00 T 
Mg 
Uo 
Th' 
La ' 
Ce' 
T l ' 
_ 
. T < i 
+2 
'2 
+ 4 , 
+3 
+3 
+ 
0 .35 
0 .33 
0 .2 E 
0.29 
0.24 
0 .43 
To ex tend the u t i l i t y of t h i s s o l v e n t system f o r 
i n o r g a n i c s e p a r a t i o n s some s y n t h e t i c m i x t u r e s were s p o t t e d 
and s e p a r a t e d on p a p e r . The r e s u l t s a r e shown i n Table XI. 
T A B L E XI 
S y n t h e t i c m i x t u r e s wi th a n i s o l e - f o r m i c a c i d (1*1) 
Mixture Rf D i s t a n c e betvjeen t h e s p o t s 
i n cms. 
C u ^ ^ 
Ag"*" 
Pb"^^ or Ag"^  
H g , - 2 
Sn^2 
Sb+3 
or 
0 . 2 2 
0 . 0 0 
0 . 0 0 
0.26 
0 .54 
0.80 
1.0 
1.4 
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Tl from 
Cd 
As 
+2 
+3 
0.40 
0.05 
0.00 
0.12 
0.05 
0.6 
and As give 
almost mixed spots . 
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D I S C U S S I O N 
I t i s d e a r from above tha t ani sole-formic acid 
offers a simple and reproducible solvent system for the 
separation of Sn^ and Sb^"^. Formic acid i s useful in 
t h i s separation because besides providing an acidic 
medium i t also acts as a reducing agent and therefore i t 
prevents the oxidation of the cations to the i r higher 
valence s t a t e s . The separation of two ions i s not 
effected by the presence of common impurities (Table VI). 
The re la t ion between the time of development and distance 
between the spots i s not l i nea r . The increase in the 
distance is greater for larger in terva ls of time. The 
effect of conditioning on the distance between the outer 
boundaries i s shovm in Table VIII. 
I t i s clear from the perusal of t h i s table tha t 
after half an hour an increase in the time of condition-
ing does not effect the separation, ^ome of the useful 
separationsin t h i s system are shown in Table XI. Most 
metal ions do not show high R^ values because the syttem 
i s only moderately polar . 
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C H A P T E R - I I I 
Paper Chromatography of different valence 
s ta tes of Mercury & Antimony. 
Separation of different valence s ta tes of metal 
ions i s important in k ine t ic studies and in elucidating 
the mechanisms of react ions (13). I t i s also useful in 
the analysis of soi ls* minerals and rocks. In the analy-
t i c a l laboratory oxidation-reduction systems are often 
used* and to t e s t the success of a par t icular operation 
one should toe able to separate and detect the various 
species involved in the system. Paper chromatography 
offers a very simple method for these separations. The 
use of chromatographic methods for these separations 
allows unfavourable r a t i o s of the two species in micro-
amounts to toe more eas i ly separated than by standard 
methods of qual i ta t ive analysis (8 ) . 
The time of separation i s a par t icular ly important 
factor in the paper chromatographic separation of a metal 
in different valence s t a t e s . I f the separation time i s 
long enough some interconversion of valence s ta te may 
occur. Also» one of the valence s ta tes Sb+^ in the 
present case-may be suff ic ient ly reactive to in terac t 
slowly with the paper or the solvent system. Several 
3f 
Techniques may be u t i l i z e d to decrease the separation 
time including the use of higher temperaturejcentrifugal 
chromatography or choice of a proper solvent system. A 
higher temperature may increase the rate of interconver-
sion as well as decrease the separation time and cen t r i -
fugal chromatography requires specialized equipment. 
Therefore the choice of a proper solvent system offers 
the simplest solution to the problem. 
The importance of study of such separations has 
been discussed (1»9»13}. However a survey of l i t e r a tu re 
showed tha t very few systematic studies have been made 
of the separation of different valence s t a tes by paper 
chromatography. The more important separations are 
summarized in Table XII. 
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T A B L E - XII 
Some important separa t ions of d i f f e r e n t valence 
s t a t e s of e lements . 
Cation Solvent Reference 
As-^3^ As^^ 
Ce^3- Ce-^'^ 
Co"^2_ Co*2 
E t h y l e t h e r - M e t h a n o l - A q . H y d r o c h l o r i c 
a c i d 
B u t a n o l - A q , . H y d r o c h l o r i c a c i d 
P o l l a r d 9 
L e d e r e r 
S t e v e n s 
2 ,6 
13 
Cr - Cr 
„ +2 ^ +3 Cr - C r -
Cr+6 
Cu"^ ~ Cu"^^ 
Fe+2 > p e ^ 2 
E t h y l e t h e r - M e t h a n o l - A q . H y d r o c h l o r i c 
a c i d 
B u t a n o l - M e t h a n o l - A c e t i c a c i d - W a t e r 
E t h y l e t h e r - M e t h a n o l - A q . H y d r o c h l o r i c 
a c i d 
P y r i d i n e - Wa te r 
E t h a n o l - A c e t i c a c i d - A c e t i c 
a n h y d r i d e 
B u t a n o l - A c e t y l a c e t o n e N i t r i c 
a c i d - w a t e r 
B u t a n o l - 1 5 % H y d r o c h l o r i c a c i d 
B u t a n o l - E t h a n o l - A c e t i c a c i d - W a t e r 
E t h y l e t h e r - M e t h a n o l - A q . H y d r o c h l o r i c 
a c i d 
B u t a n o l - A c e t i c a c i d A c e t o n e - A q . 
H y d r o c h l o r i c a c i d 
P o l l a r d ' 9 
B i g h i 
9 
P o l l a r d 
Bighi" '-
S t e v e n s 13 
S z a r v a s 
B igh i -^ 
S t e v e n s 
l 6 
13 
10 P o l l a r d 
Qureshi-'--^ 
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Pe^^ - Fe"*"^  Bu tano l -Benzene-Aq.Hydroch lo r i c 
a c i d 
Ki i l inska ' 
Hg+I - Hg-^ 2 
Mn+2 - Mn"*"^  
Mn*^ "^  - Mn+4 
E t h y l e the r -Me thano l Aq.Hydro-
c h l o r i c a c i d 
I s o p r o p a n o l - N i t r i c ac id -Wate r 
I s o p r o p a n o l - H y d r o c h l o r i c a c i d -
wa te r 
I s o b u t a n o l - H y d r o c h l o r i c a c i d -
N i t r i c ac id -Wate r 
A c e t i c a c i d - E t h y l a c e t a t e 
P o l l a r d 
B igh i 
Carvalho 
12 Qureshi 
3 Ivanov 
S tevens 
2,6 
13 
Mo+'^  - Mo+5. 
Mo"*"® 
E t h y l e t h e r - T h i o c y a n i c ac id-
wa te r 
S tevens 13 
Mo+^ - Mo+6 
Sb+S - Sb"**^  
Te"^^- Te"*"^  
Ti"*"3-o:i"^ 
T l ^ - Tl"^^ 
Po t a s s ium t h i o c y a n a t e -
A c e t i c a c id -Wate r 
E t h y l e t he r -Me thano l -Aq . 
H y d r o c h l o r i c a c i d 
p t + 2 » p t+4 E t h y l e t h e r - M e t h a n o l - w a t e r 
E t h y l a c e t a t e - A c e t i c a c i d -
wate r 
B u t a n o l - H y d r o c h l o r i c a c i d -
Water 
S tevens 14 
P o l l a r d ' 9 
12 Quresh i 
S t i e n n o -
Bovy w 
Kelemen 4 
L e d e r e r 2 ® 
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U.."^  - 115"^ ^ Butanol-Hydrochloric acid- Lederer^*^ 
Water 
^+4 _ ^ +5 sthyl ether - Methanol - Pollard^ 
Acetic acid 
" Ethanol - Acetic acid Stevens'^ 
sodium acetate 
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I t i s apparent from t h i s table that t very l i t t l e 
v7ork has been done on fas t separations of different 
valence s t a tes of metal ions. From these laborator ies a 
+P +3 
f a s t s e p a r a t i o n of Fe and Fe was r e p o r t e d e a r l i e r . 
We t h e r e f o r e d e c i d e d t o con t i nue t h e s e s t u d i e s f o r 
mercury and ant imony. These s e p a r a t i o n s have been 
d e s c r i b e d by B i g h i ( 1 ) and P o l l a r d ( 9 ^ . The s e p a r a t i o n 
advoca ted by B i g h i cou ld n o t be r ep roduced by u s . The 
+3 +5 
s e p a r a t i o n of Sb^ and Sb^ as r e p o r t e d by P o l l a r d 
+5 
r e q u i r e s one hour and Sb t a i l s . 
N e i t h e r B i ^ i nor P o l l a r d ment ion the s e l e c t i v i t y 
of t h e s e s e p a r a t i o n s . T h e r e f o r e we dec ided t o make a 
d e t a i l e d s t u d y of t h e s e s e p a r a t i o n s . As a r e s u l t we 
have deve loped f a s t e r and more s e l e c t i v e s o l v e n t 
sys tem. 
E X P E R I M E N T A L 
A p p a r a t u s , t e c h n i q u e * c a t i o n s o l u t i o n s used as 
+3 i m p u r i t i e s and t h e p r e p a r a t i o n of Sb t e s t s o l u t i o n has 
been d e s c r i b e d e a r l i e r i n Chap te r I I . To o b t a i n M/lO 
mercury t e s t s o l u t i o n s 3 g n s . of f r e s h l y p r e p a r e d 
mercurous n i t r a t e (E.Merck) were d i s s o l v e d i n 50 ml of 
3 M HNO3 and 2 gms of mercu r i c n i t r a t e were b o i l e d w i th 
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cone. HNOo and d i l u t e d . 0.2 M SbClo so lu t ion in hydro-
ch lo r i c ac id was bo i l ed with KClOo cooled and f i l t e r e d . 
This was used as Sta"*" t e s t s o l u t i o n . 0.2% Acid so lu t ion 
+5 
of Rhodamine B v/as used for the de t ec t ion of Sb . The 
reagents f o r Hg S » Hg and Sb^ have been repor ted 
e a r l i e r . 
R E S U L T S 
( a ) . Separat ion of mercurous and mercuric i o n s . 
A l a r g e number of pure l i q u i d s vrere t e s t e d as 
developers for t h i s system. Rf values of the two 
ca t ions i n some pure so lvents are repor ted in 
Table XI I I . 
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T A B L E XIII 
Rf values i n various so lvents 
Solven-b 
F o r m i c a c i d 
A c e t i c a c i d 
P r o p i o n i c a c i d 
B u t y r i c a c i d 
E t h y l a c e t a t e 
P r o p y l a c e t a t e 
M e t h y l a l c o h o l 
0 . 
0 . 
0 . 
I s o a m y l a l c o h o l 
A l l y l a l c o h o l 
D i o x a n e 
I s o p r o p y l e t h e r 
A n i s o l e 
A c e t o n e 
E t h y l m e t h y l -
k e t o n e 
0 . 
0 . 
Sb"*"^ 
0 . 5 0 
,21 - 0 , 5 3 
0 . 3 0 
0 . 0 0 T 
, 0 0 , 0 . 1 2 
0 0 , 0 . 2 0 
tJ.OO T 
0 . 0 0 
0 . 6 4 
0 . 0 0 T 
0 . 0 0 
0 . 0 2 
0 0 , 0 . 2 
0 0 , 0 . 1 5 
0 . 
0 . 
0 . 
T 
f r 
0 . 
Sb+5 
0 . 4 0 
0 . 7 0 
0 . 4 8 
0 . 2 0 
00 t o S. 
00 t o S. 
O.Yx 
0 . 
0 . 
-F . 
• F . 
0 0 , 0 . 9 0 
down 
•om S . F . 
3 0 - 0 . 6 1 
0 . 1 5 
0 . 0 5 
0 . 9 3 
1 .00 
C 
0.80 0. 
0.50 
00, 0.60 
00, 0.20 
0.00 
0.00 
u.OO T 
0.00 T 
0.64 T 
down 
0.00 T 
0.00 
0.00 
».00 T t o 
S.F. 
S.F. 
Hg-I 
,00 & 0.80 
0.00 T 
0.00 T 
0.00 T 
0.00 T 
0.00 
0.00 T 
0,00 T 
0.00 
0.00 
0,00 
0.00 
0.00 
0,00 
Acetyl acetone 0 ,00 , 0,20 0.00 to S.F. 0,00 0,00 
Isopropyl alcohol 0,72 
Water 0,00 T 
0.80 0.00 0.00 to S.F, 
0,64 0 ,00 , 0 ,6 l 0,00 T 
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•^•4' 4*4* 
The f o l l o m n g systems separated Hgg from Eg 
e f fec t ive lyJ 
( i ) 0 .1 M Hydrochloric acidJ 
The system was simple and gave f a s t separat ion 
(Rf Hg"*"^  = 0 .81) . Two Rf values remained constant even 
when the amount of hydrochlor ic ac id was increased from 
+ 2 0.1 t o 3 M. I n more concentrated acid the spot of Hg 
was e longated. 
( i i ) 3 M n i t r i c acid - 3 M hydrochlor ic acid - ISfo 
aqueous ammonium ace ta te 1J1»6 V/¥. 
Rf values of both ca t ions remained almost constant 
(Hg"*"^  = 0 . 8 4 ) , when the r a t i o of ^g2^^^ Hg"*"^  was var ied 
from 1*4 to 4 J 1 . Resu l t s were not e f fec ted by the 
increase in concent ra t ion of t e s t so lu t ions* i . e . 0.01 M 
to 0.2 M. The two spo ts were 1.9 cms apar t i n 5 minutes. 
+ +3 
Out of the various ca t i ons used as impur i t i e s Ag » Bi 
and Sn^ hindered the s epa ra t i on . Reduction of the 
, o + 2 + 2 
Hg'^ p - Hg system by Sn was qu i te p o s s i b l e . 
( i i i ) 3 M n i t r i c acid - 3 M hydrochlor ic a c i d - I s o b u t y l 
alcohol 1«1«10 V/V. 
+ ? -1-3 + 3 
Cd » Bi and As gave s i g n i f i c a n t l y d i f f e r e n t 
Rf values ( 0 . 3 0 , 0.30 and 0 .40) . from those of 
Hg|2 and Hg"^ ^ (0 .00 and O . e l ) . Sb"^^ and Sn"^^ had 
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+? Rf value close to t h a t of Hg and the r e s t of 
+2 the ca t ions were near Hgg spo t . 
( i v ) . 3M n i t r i c ac id - 3M hydrochlor ic a c i d - iBopropyl 
alcohol 1J1*10 V/V- The system was most s e l ec t ive . 
A l a r g e number of c a t i ons had Rf values d i f f e r en t 
from those of Hgg"^^ and Hg"^^. Only Cd"^^, Bi"^* ,^ 
St)"'""'» Ag"^  and Pb"^  i n t e r f e r e d r The f indings are 
sunmarized i n Table XI¥. 
T A B L E - XIV 
Rf values of ca t ions in 3M HNOo-S M HCl-Isopropanol 
system ( U U I O V/V) 
Cations 
Hsi 
Hg"*"^  
As-^3 
Sn+2 
Fe"^^ 
Sr-^2 
Cd-^2 
Ag+ 
Rf 
0 . 0 0 
0 . 6 6 
0 . 4 3 
0 . 9 0 
0 . 3 0 
0 . 2 4 
0 . 6 3 
0 . 0 0 
C a t i o n s 
Al-*-^ 
Cr-*-2 
Mn"^^ 
C a ^ 2 
Ba-^-2 
g ^ + 3 
Sb-^3 
Pb+2 
Rf 
0 . 2 0 
0 . 3 0 
0 . 2 2 
0 . 2 0 
0 . 2 0 
0 . 6 0 
0 . 6 1 
0 . 0 0 T 
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+3 -1-5 
(b) Separat ion of Sb and Sb i o n s . 
Various pure so lvents \-jeTe t e s t e d for t h i s separa-
t i o n e .g . Isopropyl e the r* chloroform, ch loroace t ic ac id j 
benzyl cyanide, dioxane, e thyl a c e t a t e , e thyl propionate , 
a c e t i c a c i d , propionic a c i d , b u t y r i c ac id , ace tone , 
p y r i d i n e , ace ty l ace tone , cyclohexanone, acetophenone, 
e thy l methyl ke tone , propanol , i sopropanol , bu t ano l , 
t e r t i a r y butanol and a n i s o l e . Rf values of the two 
ca t ions i n some of the pure so lven ts are given in 
Table XEII. 
Good separa t ion was however obtained by g l a c i a l 
ace t i c ac id-vra te r -e thylace ta te lUtl V / Y . Mixtures of 
S'D"*" and Sb"^  i n d i f f e r e n t r a t i o s were successfu l ly 
separa ted . Rf values of Sb var ied from O.gS to 0.71 
and Sb"*" was always on the solvent f r o n t . Almost a l l 
ca t ions were used as impur i t i e s to t e s t the s e l e c t i v i t y 
of t h i s separa t ion . The ca t ions whose Rf values 
d i f fe red from Sb"^^ and Sb"^^ are given in Table XV. Out 
of the common ca t ions t r i e d the fol lowing showed Rf values 
close to t h a t of Sb"*""^ . 
Eg^^ 0.76 » Gu"*"^  0 .75 , Sn"^^ 0 .78 , Al"^ "^  0 .64, Cr"^ "^  O.eO 
and Mn 0,60. None of the ca t ions t r i e d had Rf d o s e 
t o t h a t of Sb+5. 
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T A B L E - XV 
Mon-interfering ca t ions in Sb"*" - Sb"*" separa t ions . 
Cations 
Ag^ 
Pb-<-2 
Ca-*-2 
As-^3 
pe+2 
Rf 
0.00 
0.40 
0.58 
0.50 
0.53 
Tails 
Cations 
Co-^ 2 
Ni-^ 2 
Zn"**^  
Sr-^ 2 
Mg^ -2 
Rf 
0.47 
0.33 
0.54 
0,55 
0.50 
( c ) . Double spot formation. 
Me^curous ion gave tv/o spots when 15^ ammonium 
ace ta te and 20^ ammonium chlor ide i n water were used as 
developers . I n both cases the Rf values were 0.00 and 
+3 0.84. Sb gave double spots in a number of cases which 
are shown in Table XVI. 
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T A B L E - XVI 
+ 3 Rf values of double sT>ots of Sb 
Developer 1 s t spot 2nd spot 
Ethyl ace ta te 0.00 0.14 
Benzyl cyanide 0.00 0.12 
^b so lu t ion of 
t h iou rea i n 
But a n d 0.00 0.50 
12 M ch lo roace t i c 
acid + Isopropyl 0.00 0.20 
e the r ( i s i ) 
# 43 -
D I S G I J _ S S I O N 
The s e p a r a t i o n of Hgg and Hg proved more 
d i f f i c u l t t h a n e x p e c t e d . A c e t i c a c i d d i f f e r e n t i a t e s 
f a i r l y we l l between Hgg^ and Hg"*"^  (Tab le X I I I ) . A 
number of s o l v e n t systems c o n t a i n i n g n i t r i c ac id» 
a c e t i c a c i d and w a t e r i n d i f f e r e n t r a t i o s were t r i e d . 
+2 +2 
I n most of t h e s e s o l v e n t s Hgg and Hg when a p p l i e d 
s e p a r a t e l y gave d i f f e r e n t Rf v a l u e s bu t when a mix ture 
of two c a t i o n s was u sed t h e s e p a r a t i o n was no t d i s t i n c t . 
B e s t r e s u l t s were o b t a i n e d \-iith a c e t i c a c i d - 3M n i t r i c 
a c i d - wa te r ( 3 J 1 J 2 ) . I f t h e c o n c e n t r a t i o n of n i t r i c 
a c i d was l e s s t h a n 3M the mercurous i o n was no t 
comple t e ly t r a n s f e r r e d from t h e p o i n t of a p p l i c a t i o n , 
owing t o i t s s t r o n g i n t e r a c t i o n wi th p a p e r . I f on t h e 
o t h e r hand t h e c o n c e n t r a t i o n of HNOo was i n c r e a s e d the 
Hgp was t r a n s f e r r e d comple t e ly from t h e p o i n t of 
a p p l i c a t i o n . The s o l v e n t system was t h e n so p o l a r 
hovrever t h a t t h e paper d i d n o t f u n c t i o n as d i f f e r e n t i a -
t i n g medium between t h e two c a t i o n s . To ach ieve f a s t 
and e f f i c i e n t s e p a r a t i o n s * p r e c i p i t a t i o n chromatography 
was t r i e d u s i n g 0 . 1 M h y d r o c h l o r i c a c i d and 13fo aqueous 
ammonium a c e t a t e - 3M n i t r i c a c i d - 3M h y d r o c h l o r i c a c i d . 
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+ 2 The solvents proved to be f a s t but nonse lec t ive . Pb^ 
and Ag"*" had Rf values close to zero while a l l the other 
+ 2 common ca t ions had Rf values close to those of Hg 
To a t t a i n both speed and s e l e c t i v i t y complexation 
chromatography was superimposed on p r e c i p i t a t i o n chromatO' 
graphy. Methyl alcohol was added t o the HGl - HNOo 
system. The r e s u l t was t h a t mercurous ion began to t a i l 
owing to i t s s t rong i n t e r a c t i o n with methyl a lcohol . 
When methyl alcohol was rep laced by i sobuty l alcohol the 
+ 2 system became l e s s polar and Hg p gave a compact spot . 
Three ions gave Rf values s i g n i f i c a n t l y d i f f e r en t from 
those of Hg . With isopropyl a lcohol which i s i n t e r -
mediate in pol8J:*ity between methyl a lcohol and i s o -
butyl a l coho l , the system became f a s t s e l ec t i ve and 
e f f i c i e n t . 
A reference t o Table XIII sho^^ rs t h a t Sb^ and 
Sb have d i f f e r en t Rf values i n a number of organic 
so lvents i . e . a ce t i c acid» propionic a c i d , bu tyr ic ac id , 
dioxane, ace tone , e thyl methyl ke tone , methyl alcohol 
and isopropyl e t h e r . And, there fore a number of 
exce l l en t separa t ions are possible with s l i ^ t modifica-
. -a 
t i o n i n these s o l v e n t s . All e f f o r t s to separate Sb 
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4-5 
and Sb using individual organic solvents fa i led because 
most of them were not suff ic ient ly polar. Acetic acid 
gave an elongated spot owing to i t s low ionizat ion. The 
addition of water increased the ionization of acetic 
acid suff icient ly to give compact spots. Because of the 
high polar i ty of the system however zx Rf was very small. 
The addition of ethyl acetate decreased the polar i ty of 
the system to such an extent that A Rf became 
s ignif icant . 
I t was noticed in t h i s study tha t the higher 
valence s ta te almost always had the higher Rf value. 
This i s eas i ly understood because the higher valence 
s ta te has a greater covalent character and therefore a 
greater complexing power. Of the solvents we studied 
only formic acid appears to be an exception to t h i s trend. 
The Rf of Sb^ *^  in formic acid i s smaller than tha t of 
Sb+^. 
In the homologous ser ies of f a t t y acids studied 
the Rf values decreased with an increase in molecular 
weight owing to a decrease in the polar i ty of the 
system. In t h i s case also formic acid i s an exception. 
+5 The Rf value of Sto in formic acid i s l e s s than tha t in 
acetic acid. 
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Since chromatography i s used more and more as a 
pract ical technique importance of time required in a 
chromatographic separation can hardly be over emphasized. 
This becomes a l l the more important i f we are considering 
systems whose composition may change s ignif icant ly with 
time such as mixtures of different valence s ta tes of 
the same element. 
However time does not occupy the place which i t 
should in our chromatographic data . I t i s therefore 
necessary to introduce some new terms in chromatographic 
l i t e r a t u r e . 
Distance between the two spots may be defined as 
the distance between the outer boundries of tlie spots. 
I t i s also necessary to define the term effective separa-
t ion . When distance between the tv/o spots i s 1 cm we 
call) i t effective separation. I f a mixture contains 
more than two components then for defining effective 
separation we consider the components whose Rf values 
are s nearest to one another. The time of development 
for effective separation i s defined as the time of 
effective separation or T.E.S. V/e suggest that T.E.S. 
i s an important charac te r i s t i c of the separation which 
must be mentioned together m t h the Rf value. 
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I t ha s been obse rved t h a t some t i m e s a s e p a r a t i o n 
t a k e s s e v e r a l days and some t i m e s i t t a k e s on ly a few 
m i n u t e s . T h e r e f o r e i t i s n e c e s s a r y t o d e f i n e a chromato-
g r a p h i c s e p a r a t i o n w i t h r e s p e c t t o t ime a l s o . The fol low-
i n g d e f i n i t i o n s are p roposed . 
Name Time of development 
E x t r a slow paper chromatography More t h a n 24 h o u r s . 
Slow paper chromatography 6 - 2 4 h o u r s . 
Normal paper chromatography 1 - 6 h o u r s . 
Rapid paper chromatography 30 rats. - 1 hou r . 
F a s t paper chromatography 0 - 3 0 m t s . 
Here t ime of development r e f e r s t o t h e t ime of e f f e c t i v e 
+ 2 +2 
separation. Time for Hgl - Hg separation with HCl-
HNOo isopropyl alcohol and HCl - HNOg - Isobutanol is 10 
+3 +5 
minutes and the time for Sb - Sb separation in acetic 
acid - water - ethyl acetate is 20 minutes. Hence both 
these separations may be defined as fast. 
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C H A P T E R - IV 
Effec t of D i e l e c t r i c constant on Rf values of metal ions 
in some Formic acid - Alcohol systems. 
I n order t o expla in and i n t e r p r e t the Rf values of 
metal ions at tempts have been made to c o r r e l a t e them with 
solvent composition. The e f fec t of concent ra t ion and 
molecular weight of alcohol on Rf values of metal ions i n 
a lcohol -water -hydrochlor ic acid systems was s tud ied by 
Sommer (23 ) . Hartkamp and Specker (7) i n t e r p r e t e d the Rf 
values i n t e t rahydrofa ran-wate r -hydroch lor ic ac id systems 
i n terms of t r a n s p o r t of d i f f e r en t i o n i c species formed. 
Carvalho ( 4 , 5 ) s tudied t he e f f ec t of i-^ rater and acid concafi-
t r a t i o n on the chromatographic behavior of metal i o n s . He 
t r a c e d curves for Rj^  Vs p H ^ and Rivi Vs p e l " for d i f f e ren t 
butanol -hydrochlor ic acid-water systems. Soczewinski and 
Wachtmeister (21*22) have derived a simple r e l a t i o n betwGEen 
R|vi values and solvent composition. Martin and Anderson 
(15) showed from a study of 364 chromatograms t h a t R 
values increase l i n e a r l y with water and ac id concent ra -
t i o n s . Effec t of acid concent ra t ion onri. R^ values i n t r i -
butyl phospha te -n i t r i c ac id and butanol -hydrochlor ic acid 
systems was repor ted by Ker tes (10) and Lederer ( 1 3 ) . Some 
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s tud ies on isopropanol ( l ^ j l ? ) and various a lcohols with 
hydrochlor ic acid (20) have a lso been recorded . S e t l ^ (20) 
found t h a t R^ values of metal ions ( P t , Pdj Cu excent Au), 
increase with hydrocli loric acid concent ra t ion in hydro-
ch lo r i c ac id-a lcohol systemsj and decrease with increase 
i n carbon chain of a lcohol . 
An i n t e r e s t i n g proper ty of t h e solvent composition 
i s i t s D.E.C. (8) which i s a measure of the p o l a r i t y of 
the so lvent system. I t i s the re fore useful t o co r r e l a t e 
t he R^ values of m e t ^ ions vath t h e D.E.C. of the solvent 
system. The e f fec t of d i e l e c t r i c constant on R^ values 
of nBtal ions -was f i r s t i n v e s t i g a t e d by Ker tes (9 ) who 
found t h a t the R^ values of un iva len t and b iva l en t 
ca t ions increase l i n e a r l y ivath D.E.C. of the solvent 
system. Similar conclusions were a r r i v e d at "by Ghe and 
Placucci ( e ) who ^ u d i e d the ca t ions Mn » X Co , Ki 
+2 _ 
and Cu in a lcohols from methanol t o pentanol . m a 
recent study the R^ values of t h i o u r e a , th iocyanate and 
sulphide have been c o r r e l a t e d with the d i e l e c t r i c 
constant of the solvent ( 1 9 ) . These s tud ies suffer from 
two l i m i t a t i o n s * ( i ) The number of solvent systems 
s tudied i s r a t h e r small , ( i i ) Acid-alcohol systems have 
been completely neglected even though they are used most 
i n paper chromatography. This re luc tance i s probably 
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due to the fact that i t may not be easy to in terpre t the 
polar i ty of such binary systems and hence to correlate 
the Rf values with D.E.C. of the solvent system- A 
survey of the l i t e r a t u r e indicated that non-aqueous 
systems have not been studied extensively (Table XVII). 
And no systematic study has been rej)orted of the corre-
l a t ion of the chromatographic behavior in metal ions. 
I t was therefore decided to study the effect of 
D.E.C. on R^ values of numerous cations in alcohol-
formic Acid systems. The R^ values were chosen from a 
previous formic acid-alcohol study described in 
Chapter V. The present report summarizes our findings 
on the correla t ion of these R^ values with the D.E.C. 
of the solvent system concerned. 
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T A B L E - XVII 
Paper Ghroraatography of some ca t ions i n non-aqueous 
systems. 
System C a t i ons studie d Reference 
Acetic acid-Acet ic 
anhydride. 
Acetone-Methyl 
ace ta te im. ( K l ) 
Acetone-Ethyl 
ace ta te (1!1) 
Acetone -Propyl 
ace ta te ( U l ) 
Acetone-Ethyl 
ether (HI) 
B e nz e ne-Meth anol-Acetic 
acid (68:30.*2) 
Butanol-Methanol 
Butanol -Methanol -Ethyl 
ether (UUl) 
Butanol-Pyridine -
Dioxane (7S2S1) 
Cyclohexane-Methanol-
Dioxane (84 Se*!^) 
Ethanol 
2-Ethylhe xanol -
Methanol (3«7) 
Mn^2, Mn-^^, Mn^^ 
La , Ge , P r , Ndj Sm 
Mn, Cu J Ni 
Acetylacetonates 
Te , Se 
Au, P t , Se, Te 
U, Th 
Gu, Ki,Go 
Acetylacetonates 
Fe,Ti,Al,Y,Ni,Co 
L i , Na, K 
(24) 
(26) 
(1) 
(3) 
(12) 
(25) 
(1) 
(11) 
(2) 
Iso-amgfl alcohol I'e,Ti,Al,V,Wi,Go (11) 
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Isopropanol Fe ,Ti ,A1 ,V,Mi ,Co (11) 
Methanol " " 
Methanol-Dioxane- CujFe,Ni,Co (1) 
Pe t .E the r Acetylacetonates 
Methanol-Chloroform- IJv , Th (25) 
Toluene 
Methanol-Butanol- Ba,Sr ,Ga,Mg,Be (14) 
Col l id ine -Acetic 
acid 
Methanol-Pyridine- U> Th (25) 
Toluene (7S2S1) 
Methanol-Pyridine- " " 
Dioxane (7S2«1) 
Methanol -I sopropanol- Ba» C a j S r , Mg (18) 
Formic acid-Ammonium 
formate 
Propanol Fe ,Ti ,A1 ,V,Mi ,Co (11) 
Pyr idine-chloroform- Uj Th (25) 
Toluene (7«2J1) 
Experimental and Resul t s 
The ca t i ons \^rere s tud ied in the systems con ta in -
ing formic acid and alcohol in the r a t i o 1*9, 3*7, 5id, 
7*3 and 9 81 by volume us ing ascending technique described 
in previous chap te r s . The a lcohols s tud ied were methanol, 
e thano l , n-propanol , n -bu tano l , n-pentanol and n-octanol . 
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The D.E.G. was determined from a c a l i b r a t i o n curve 
( F i g . l ) drawn -with Sargent Osci l lometer Model V. The 
d i e l e c t r i c cons tan ts of the var ious acid alcohol r a t i o s 
are summarized i n Table XVIII. 
T A B L E ~ XYIII 
D.E.G. of various ac id-a lcohol r a t i o s . 
Acid-
alcohol 
1S9 
3*7 
5S5 
7'.3 
9J1 
MeOH 
30.2 
50.0 
56.0 
58.0 
58.0 
EtOH 
30.0 
40.0 
52.0 
55.0 
56-6 
PrOH 
20.0 
37.0 
€1.5 
55.0 
56-0 
BuOH 
18.0 
32.0 
51.5 
53.5 
55.0 
AmOH 
23.5 
30 
38.2 
53.0 
53.0 
Octyl 
12.0 
Si.8 
38.1 
47.0 
49.0 
D I S C U S S I O N 
The R^ v:alues of metal ions depend upon a number 
of f ac to r s* ( i ) formation of metal s a l t s or complexes 
with acid anion, ( i i ) s o l u b i l i t y and ( i i i ) p a r t i t i o n 
between moving and s t a t i o n a r y phases- The l a s t two 
va r i ab les depend upon the p o l a r i t y of the solvent system. 
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And since D.E.G. i s a measure of polar i ty i t i s i n t e r e s t -
ing to correlate the R^ values ot metal ions with D.E.G. 
of the solvent system. I t i s possible that both R^ 
values and D.E.G. may depend upon some more fundamental 
property of the solvent system. However as the follow-
ing discussion shows a correlat ion of R^ values with 
D.E.G. does offer many in te res t ing fea tures . The resiiLts 
obtained from a study of 693 chroraatograms have been 
depicted for the sake of convenience with the help of 
only three f igures . Curve (1) in figure prefers to 
the acid alcohol r a t i o of 1S9. The D.E.G. i s al tered by 
replacing the alcohol present in the system. Formic 
acid present in the system., i s sufficient to prevent 
t a i l i n g but at the same time the acid concentration i s 
not so high as to mask the effect of the alcohol on the 
migration of the cat ions . In t h i s system when ak 
octanol i s replaced by pentanol, butanol or propanol no 
migration of the cations r e su l t s sinc& the D.E.G. i s not 
siifficient to cause the migration of the ca t ions . V/hen 
the D.E.G. i s greater than 22 the cations begin to 
migrate and R^ values increase l i nea r ly vdth D.E.G. 
The resu l t ing curve may therefore be considered to be 
made up of two curves ( i ) R^ = 0 and ( i i ) R^ = mD + G. 
I t i s in te res t ing to note from figure 2 that once the 
D.E.G. of the system i s .greater than 22 there i s alv/ays 
:Ka iss3s«4««9s«BSi fasa« i4 i s«a iccB«a8s f t3as iE«B«s«s@e8sas««scRsa«^ '« i««^ . 
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some migration i r respect ive of the alcohol present or the 
acid alcohol ra t io under consideration. 
Curve (2) represents acid alcohol r a t i o of 3J7. 
In t h i s r a t io R^ i s never zero since D.E.C. i s alv/ays 
greater than 22. The curve i s S shaped. The Rf f i r s t 
increases slowly and then i t shows abrupt increase with 
D.E.C. Finally" i t l eve ls off because the D.E.C. has 
become so high that any further increase in D.E.C. has no 
effect on Rf values. Since 3CF/o formic acid i s al^-rays 
present in t h i s solvent system a change in the alcoholic 
part of the system does not effect the R^ values s ign i f i -
cantly as i t does in the previous r a t i o . This fact i s 
also noticeable in curves (3) and (4 ) . Finally since 
curve (5) refers to solvent systems containing a high 
concentration of formic acid i . e . 9C%, i t i s eas i ly under-
standable ths.t in these systems any change in the alcohoHic 
constituent should neither a l t e r the D.E.C. significantly 
nor the Rf values of the cation concerned. All the five 
curves therefore appear to exhibit a regular trend. To 
show tha t t h i s t rend is general we have plotted in 
+3 +2 +3 
figure 3 the Rf values of cations Fe , Ni , Al and 
La"*""^  from curve ( i ) figure 2. In a l l cases a plot of 
Rf Vs D.E.C. gives similar curves. This behaviour 
therefore appears to be independent of the nature of the 
cation. 
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Fig . 213 r e p r e s e n t s the behavior of As , STo and 
+P Sn . These ions show an exceptional behavior . Even when 
the D.E.C. i s very low they show considerable migration 
and the lov/est R^ i s 0 .20. However with these ca t ions 
also R^ value inc reases g with D.E.C. although the 
increase i s l i n e a r . 
I n curve (1) f igure 4 we are consider ing only 
methanol-formic ac id system i n which the r a t i o of 
components i s varied from 1S9 to 9 s i . We not ice t h a t 
the re i s not much change i n R^ when -^je change the D.E.C. 
of the system by changing the r a t i o of the components. 
Methanol i t s e l f has a high D.E.C. and addi t ion of formic 
acid in d i f f e r e n t r a t i o s does not change the D.E.C. 
s i g n i f i c a n t l y r However with ethanol the re i s s i g n i f i -
cant change i n Rf values as the acid a lcohol r a t i o i s 
changed, since in t h i s case the D.E.C. of the S5"stems i s 
aleo s u b s t a n t i a l l y a l t e r e d . This t r e n d i s even more 
ms.rked in butanol» pentanol a-nd octanol because they 
have D.E.C. lower than t h a t of e thano l . The r a d i c a l l y 
d i f f e r en t form of curves obtained in f igure ^o once again 
confirms the exceptional behavior of As » Sb and 
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From what has been said above i t i s clear that at 
lovj acid concentrations the Rf value increases l inear ly 
•with D.E.C. for most common cat ions . This effect of 
D.E.C. on Rf values can be best studied by using the 
acid alcohol ra t io of 1!9» since the acid concentration 
in t h i s ^ tem i s sufficient to prevent t a i l i ng and at 
the same time i t i s not too high to suppress the effect 
of D.E.C. on Rf values. 
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C H A P T E R -- V 
Paper Chromatography of metal ions in Formic 
ac id -Alcohol systems. 
Acid alcohol systems are probably the most common 
i n the chromatography of metal ions ( 2 0 ) . Most of these 
systems are summarized i n Table XIX. A reference t o t h i s 
t a b l e shows t h a t very l i t t l e work has been done on the 
use of Formic ac id-a lcohol systems for the separa t ion of 
c a t i o n s . I n fac t almost no >»rk i s ava i lab le in which 
the acid alcohol r a t i o has been continuously var ied in 
the absence of water or any other t h i r d substance. Our 
4 .9 4.'^ 
e a r l i e r work on the separa t ion of Sn and Sb had shown 
the useful p rope r t i e s of formic ac id in ca t ion paper 
chromatography. Formic ac id i s an unusual acid in 
many ways. Even though i t i s a carboxyl ic acid yet i t 
has a hig;h i o n i s a t i o n constant (1 .77 x 10 ) , and a c t s 
a t the same t ime both as an acid and as a reducing agent. 
I t i s t he re fo re s u r p r i s i n g t h a t so l i t t l e work has been 
done on t h i s ac id . The present studj'' was therefore un-
dertaken to examine sys temat ica l ly the chromatographic 
behavior of ca t ions in various formic acid alcohol 
systems. Such a study proved very bene f i c i a l i n 
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developing new separa t ions of t i n and antimony from 
numerous metal ions and in he lp ing the c o r r e l a t i o n of 
Rf values vjlth solvent-composi t ion. 
T A B L E - XIX 
Some ac id -a lcohol systems used for t h e paper 
chromatography of metal i o n s . 
Solvent system Ions s tudied Reference 
Hydrochloric acid m t h Numerous ca t ions (1}»( 2} »(6 ) >( 1*^ )» 
(12} ,( 25) ,( 26}» 
( a ) Butanol-Water (3u ; , (36 ) , (36 )» 
(48 ) , (5Q) , (57 ) , 
( 5 9 ) , ( 6 0 ) , ( 6 3 ) . 
(b) Butanol or Ethanol Cd, I n (48) 
E.D.T.A.-Water 
( c ) Butanol-Hydrogen Ti ,Y,Mo,Rh,Ir ( 2 4 ) , (30) 
peroxide-water 
(d) Butanol-Butyl Ga,Ba,Sr (43) 
chlor ide-water 
( e ) Butanol-Acetone- Fe*^, Fe"*"^  (56) 
Acetic acid-water 
( f ) Ca rb i t o l -Ce l l o so lve - Au ,Pt ,Ru ,Pd,Rh (7) 
water 
(g) Cyclohexanol-water Rare ea r th s (58) 
(h) Ethanol-Water Various ca t ions ( 4 8 ) , ( e l ) 
( i ) E thanol ,Propanol , Numerous cat ions ( 23 ) , (30) ,31) , 
Butanol , I so amyl ( 39) , (67) , (68) 
a l CO hoi ,B e nzyl 
al CO hoi -wat e r 
- «4 -o 
( j ) Ethanol -Phenol -Water 
(k) Ethanol - I sopropanol-
Ethyl e ther -wate r 
(1 ) I sopropanol -va te r 
(m) Methanol-Water 
(n ) Methanol -Butanol-
Isobutylmethylketone 
water 
Al ,Ga, In ,Tl 
Te ,Bi 
Numerous c a t i o n s 
K,Rb,Cs 
(a8) 
( 1 9 ; 
( 2 1 ) , ( 3 5 ) , 
(36 ) , (49 ) 
(25 ) , (45 ) , (47 ) 
( 4 3 ) 
( 0 ) 
( p ) 
( q j 
( r ) 
( s ) 
( t ) 
Methanol -Ethanol -
water 
Methanol -Phenol -
wate r 
Pentanol-Water 
Pentanol-Benzene-
Water 
Phenol-water 
Prop anol -I sobutyl 
methyl ketone 
N i t r i c acid with 
Au ,Pt ,Ru ,Pd ,Rh 
Al ,Ga , In ,T l . 
I n , T l ,A1 ,Ga 
Ti ,Al ,Fe 
Various c a t i o n s 
Rh,Pd,Pt 
Numerous ca t ions 
( 7 ) 
(38) 
(17) 
(28) 
(30) 
(24) 
( 3 ) , ( 5 ) , ( 9 ) , 
(14 ) , (30 ) 
a) Butanol-water 
b ) Butanol-Benzoyl 
acetone »Aceto-
a c e t i c e s t e r , 
Antipyrine-Water 
c ) B u t a n o l - c o l l i d i n e -
Water 
d) Butanol-Propanol-
Li thium n i t r a t e -
water 
Various ca t ions 
Al ,Fe ,As ,Cu ,Cd 
Ra,Po,Se,Te & 
Rare e a r t h s 
( 5 4 ) 
(11) 
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S U M M A R Y 
Paper chromatography of metal i o n s has been 
s t u d i e d no t on ly t o deve lop new methods of a n a l y s i s bu t 
a l s o t o s tudy c o r r e l a t i o n betvreen s o l v e n t compos i t ion and 
the Rf va lues of meta l i o n s . Success fu l s e p a r a t i o n s have 
been deve loped f o r S n ( i i ) and S b ( i i i ) which i-jere r a t h e r 
d i f l ' i c u l t t o s e p a r a t e by paper chromatography. Anisole-^ 
formic ac id (1S1)» a c e t i c a c i d - f o r m i c a c i d ( i s i ) » p rop ion ic 
a c i d - f o r m i c ac id ( 2 J 1 ) and b u t y r i c a c id - fo rmic a c i d {HI) 
have been found t o g ive b e s t r e s i i l t s . 
F a s t and s e l e c t i v e methods have been developed fo r 
t h e s e p a r a t i o n of d i f f e r e n t va lence s t a t e s of Hg and Sb. 
Time i s an i m p o r t a n t f a c t o r i n these s e p a r a t i o n s owing t o 
t h e p o s s i b i l i t y of i n t e r c o n v e r s i o n of one va lence s t a t e 
i n t o a n o t h e r . B e s t r e s u l t s fo r s e p a r a t i n g Sb"*"^- Sb^^ 
mix tu re s have been o b t a i n e d u s i n g a c e t i c ac id -wa te r - e thy ] 
a c e t a t e ( l « l J i ; . H g ( i ) a n d H g ( i i j a re b e s t s e p a r a t e d by 
u s i n g t h e s o l v e n t system? isopropanol-3M h y d r o c h l o r i c s 
3M n i t r i c a c i d ( l O s i s i ) . I n bo th c a s e s s e p a r a t i o n s are 
ach ieved w i t h i n h a l f an h o u r . These f a s t s e p a r a t i o n s h; 
been a t t a i n e d by t h e p roper s e l e c t i o n o f the so lven t 
system and n o t e i t h e r by an i n c r e a s e i n t empera tu re 
(Thermatochromatography) or by c e n t r i f u g a l chromatogra" 
s ince t h e former i n c r e a s e s the r a t e of i n t e r c o n v e r s i o n 
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e) Butanol-E.D.T.A. Fe ,Ti ( 1 5 ; 
Acetylacetone-
water 
f; Ethanol-Isopropanol 
water 
g ; Methanol-Water 
h) Methanol,Ethanol, 
Propanol,Butanol 
Pentanol,Benzyl 
a lcohol-water 
i ) Propanol -Ethyl 
acetate-VJater 
Hydrobromie ac id with 
Butanol-water 
Sulphuric ac id with 
Various ca t ions 
11 
Pt ,Pd»Gu,Au 
Pb 
Various ca t ions 
II 
(29) 
( 8 ) , ( 4 2 ) , ( 4 7 ; 
(63) 
(64 ; 
( 34 ; 
( 1 3 ; , ( 6 6 ; 
Me t h anol -wat e r 
Thiocyanic ac id with " ( 4 i ; 
Butanol-water 
Oxalic ac id with 
Methanol -E thyl As , Sb ,Sn ,Mo ,Pt ( 4 ; 
ace ta te -water 
Acetic ac id with 
a; Butanol-water kg, Hg> Pb ( i s ; 
b ; Butanol -oxine- Rare ea r th s ( 5 3 ; 
water 
c ; Butanol-Acetyl 
acetone-water " ( s ; 
d; Butanol-Acetffi Cu,Pb,Bi,Co ( 3 2 ; , ( 5 4 ; 
a c e t i c e s t e r -wa te r 
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e) Butanol-Methanol ~ 
Col l id ine-water 
f) Ethanol-Water 
g) Ethanol-Butanol-
water 
Ba,Ca,Sr,Mg 
Various ca t ions 
Fe-^2, Fe+^ 
h) Ethanol-I sobutanol - Pt metals Ag,Au 
water 
Various ions 
Alkaline ea r th s 
i ) Methanol-water 
Propionic acid ^^rith 
Ethanol-Ammonia -
water 
Butyr ic acid "t/ith 
Isopropanol-Dioxane- Lan than ides , U\ »Pr. 
Water 
Formic ac id with 
a.) Water 
b) Dioxane-Water 
Fe,Al,Ti 
H 
c) Methanol-I sopropanol 
Ammonium form.ate- Ba,Sr,Ca>Mg 
water 
d) Anisole Sn, Sb 
( 37 ) 
( 1 6 ) , ( 4 0 } , 
(45) 
(65) 
(22) 
( 5 0 ; 
(44) 
(46) 
( 2 7 ) 
II 
(51) 
(55) 
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E X P E R I M E N T A L 
Formic ac id (E.Merck) was used. All other 
reagents were pu r i f i ed by usual means. Whatman No.l 
paper was used throughout and the descending technique 
descr ibed i n Chapter I was followed. The t e s t so lu t ions 
and the de tec t ion of c a t i o n s have also been described 
e a r l i e r . 
Solvent systems conta in ing the follovdng 
a lcohols were used J Methyl, e t h y l , n -propyl , i sopropyl , 
n - b u t y l , i s o b u t y l , n-amyl, isoamyl, t - amyl , a l l y l , o c t y l , 
benzyl and cyclohexyl . 
R E S U L T S 
Rf values of twentynine ca t ions in various 
formic ac id alcohol systems have been recorded in 
Tables XX - XXXII. 
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Fol lomng abbrev ia t ions have been used for t h e sake of 
b r e v i t y : 
M for methanol» E for ethanol* P for n-propanol» IP for 
i sopropanol , B for n -bu t ano l , IB for isobutanol» Am for 
amyl a lcohol , lAm for isoarayl a l coho l , T Am for t e r t i a r y 
amyl a lcohol , 0 for octyl a l coho l , A for a l l y l a lcohol , 
Bz for benzyl alcohol and G for cyclohexanol. The 
alcohol Jformic acid r a t i o s s tud ied were (1} 1S9, (2} 3J7, 
(3) 5J5 , ( 4 ; 7J3 and (5) 9 J 1 . The r a t i o numbers are 
sho\m i n p a r e n t h e s i s . The so lven t number cons i s t s of a 
symbol t o r ep resen t the alcohol used with a subscr ip t to 
denote the r a t i o number. Thus M, s tands fo r methanol 
formic acid mixture i n the r a t i o number ( i ) i . e . 1S9, 
M2 s i g n i f i e s methanol formic ac id in r a t i o Mo.(2) i . e . 
3S7 and so on. Rf values of twentynine ca t ions in gS 
solvents are thus descr ibed . Follovdng curves have 
been p l o t t e d ! 
F i g . 5 . 
a) Plot of Rf Vs Acid concentration for 24 metal ions 
in Butanol-Formic acid sj^stems. 
b) Plot of R-f ¥s Acid concentration for 2Z metal ions 
in Isobutanol-Formic acid systems. 
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Fig .6-
a^ Rf values of most metal ions in Formic ac id -
Alcohol systems, 
b) Rf values of Sn"^^ and Sb"^  i n Formic ac id -
Alcohol systems. 
F i g . 7 . P lo t of Rf Vs Acid concentra t ion of some metal 
ions in Formic acid-Alcohol systems (CujAljKi, 
3 e , Th, Sn, Sb) . 
F i g . 8 . Change in R-f values of most metal ions with 
increase in C atoms in a l coho l s . 
F i g . 9 . Separat ion of Sn''^ from numerous ca t ions in 
c^rclohexanol-Formic acid system (SS3). 
F ig . 10, Separat ion of Sb"*'^  from numerous ca t ions in 
cyclohexanol-Formic acid system ( 7 ! 3 ) . 
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T A B L E - XX 
R^ va lue s of meta l i o n s i n Methyl Alcohol -Formic a c i d 
s y s t e m s . 
b y s t e m 
M e t a l 
Ag-^ 
H ^ 2 
H g 2 ' ' ^ 
Pb+-^ 
CU+-*-
Cd+'^ 
gi_4-3 
As-^3 
S n + 2 
S b + 3 
A r ^ 3 
p g + 3 
Mn-*-2 
Co"*"2 
Ml 
i o n s 
0 . 5 5 
0 - 0 . 3 0 
0 - 0 . 4 
0 . 7 1 
0 . ^ 0 
o.es 
0 . 5 0 
0 . 7 2 
0 . 7 0 
0 . 8 0 
U .83 
0 . 7 0 
0 . 7 1 
0 . 7 8 
0-
0 ' 
0-
TD 
TD 
Mg 
- 0 . 4 0 
-O.gB 
- 0 . 4 0 
U.74 
0 . 5 8 
0 . 6 8 
0 . 5 8 
0 . 7 1 
0 .7U TD 
0 . 7 6 
0 . 8 0 
0 . 6 6 
0 . 6 6 
-
^^3 
0 . 7 0 
Or-0.50 
0 - 0 . 4 2 
0 . 7 5 
0 . 6 5 
0 . 6 2 
0 . 5 3 
0 . 8 1 
0 . 7 5 
0 . 7 0 
0 .76 
0 . 5 5 
0 . 6 4 
0 . 7 2 
TD 
TD 
coi 
M4 
0 .66 
0 - 0 . 6 0 
U - 0 . 5 0 
0 . 7 1 
0 . 4 0 
0 . 5 7 
0 . € 0 
0 . 8 3 
0 . 7 0 
0 . 7 2 
0 . 8 0 
0 . 4 2 
0 . 5 2 
0 .76 
l t d . on 
TD 
nejd 
u-
0-
0. 
M5 
- 0 . 6 4 
- 0 . 6 4 
- 0 . 5 2 
0 . 6 9 
0 . 6 7 
0 , 3 5 
0 . 3 5 
0 . 6 0 
0 . 5 0 
0 . 7 8 
0 . 7 2 
0 . 7 8 
0 . 7 1 
0 . 8 4 
b page . . . 
- 71 -
Zn^-2 
Ca"^2 
Ba+2 
Sr-^2 
Mg+2 
.g+2 
• Q + U 
T i + 1 
Th+4 
Zr+4 
Ce-^2 
Y+4 
L a + 3 
0-
0-
u-
0-
0 . 7 1 
U.7U 
0 . 6 4 
0 . 5 0 Tr 
0 . 5 4 
0 , 7 0 
0 . 7 5 
0 . 7 3 
0 . 2 4 
- 0 . 8 0 
-o.eo 
- 0 . 7 5 
0 . 7 1 
- 0 . 8 0 
1 
0" 
0-
0-
0 . 7 3 
0 . 7 1 
0 . 7 6 
0 . 5 0 TD 
0 . 5 0 
0 . 6 8 
0 . 8 5 
0 . 7 2 
-
- 0 . 8 0 
- 0 . 6 0 
0 . 7 5 
0 . 7 0 
- 0 . 7 0 
0-
0-
-0 , 
-0 , 
0, 
0, 
0 .69 
0 . 6 8 
0 . 7 0 
0 , 5 8 
0 . 5 5 
0 . 6 2 
0 . 8 8 
0 . 7 8 
0 . 3 3 
. 7 0 
. 5 0 
. 7 2 
. 7 2 
0 . 6 0 
0 . 8 0 
0 . 7 0 
0 . 6 0 
0 . 7 1 
0 . 6 0 
0 . 8 0 
0 . 6 0 
0 , 6 0 
0 - 0 . 8 5 
0 - 0 . 6 0 
0 . 8 1 
0 . 6 8 
0 . 7 0 
0 -0 . 
0 - 0 . 
0, 
0. 
0, 
0 . 7 5 
0 . 7 0 
0 . 7 0 
0 . 8 0 
0 . 7 3 
0 .76 
0 . 8 5 
0 . 7 4 
-
. 7 8 
. 8 6 
• 76 
. 7 4 
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T A B L XXI 
Rf values of metal ions in Ethyl alcohol-Formic acid 
systems. 
S y s t e m 
M e t a l i o n s 
Ag"^ 
yg-i-2 
Hgs"-^ 
Pb-^2 
Cu''"'^ 
^ ^ + + 
. J. "3 
Ls-^3 
Sn++ 
S b + 3 
A 1 ^ 3 
p e + 3 
Cr"^*^ 
Mn-^+ 
Co-^-^ 
Ni-*"^ 
Zn^+ 
Ca++ 
E l 
o.uo 
U-U.7U 
0 . 0 0 T 
0 - 0 . 1 0 
0 . 5 0 E 
0 . 0 8 
0 . 0 0 T 
0 . 4 8 
0 . 0 0 T 
0 - 0 . 6 ? 
0 - SF 
g) - SF 
0 - SF 
0 . 5 2 
0 - 0 . 7 0 
0 . 4 0 E 
0 . 7 1 
0 - 0 . 2 0 
^ 2 
0 . 0 0 
0 . 5 4 
0 . 7 0 
0 . 0 0 
0 . 6 6 
0 . 3 0 
0 . 2 4 
0 . 3 2 
0 . 0 0 
0 - 0 . 4 3 
0 . 4 0 
0 . 6 5 
0 . 4 0 
0 . 4 0 
0 . 4 0 
0 . 4 0 
0 . 4 0 
0 . 3 0 
T 
E 
E 
T 
E 
E 
^ 3 
0 . 0 0 T 
0 . 5 5 
0 - 0 . 3 0 
0 - 0 . 2 6 
0 . 5 0 
0 . 4 1 
0 . 3 0 
0 . 2 8 
0 . 4 E 
0 . 5 E 
0 . 4 2 
0 . 6 5 
0 . 4 5 
0 . 2 7 
0 . 5 0 
0 . 4 0 
0 . 5 0 
0 . 5 5 
E 4 
0 . 0 0 T 
0 . 6 0 
0 - 0 . 5 0 
0 - 0 . C4 
0 . 6 6 
0 . 5 4 
0 . 3 5 E 
0 . 2 0 
0 . 5 
0 . 6 0 
0 . 5 5 
0 . 7 0 
0 . 5 4 
0 . 4 5 
0 . 6 0 
0 . 6 0 
0 .56 
0 . 4 5 
E 5 
0 . 0 0 T 
0 . 7 0 
0 - 0 . 5 0 
0 - 0 . 5 0 
0 . 7 0 
0 . 6 2 
0 . 6 5 
0 . 2 2 
0 . 5 3 
0 . 6 2 
0 . 7 3 
0 . 8 1 
0 . 7 0 
0 . 7 0 
0 . 8 0 
0 .76 
0 .76 
0 . 6 8 
. Contd. on next page . . 
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Ba ++ 0 -
Sr ++ 
.-J-+ Mg 
Zr+4 
+4 
¥ 
La *3 
0 . 8 0 
0 . 2 0 
0 . 2 0 T 
0 . g 5 
0 . 5 0 E 
0 . 0 0 T 
0 . 0 0 T 
0 . 0 0 T 
O.20 E 
O.UO T 
0 . 3 0 
0 
0 . 
- 0 . 2 0 
0 . 2 0 
0 . 2 2 
0 . 3 0 E 
0 . 6 0 
-
0 . 0 0 T 
0 . 0 0 T 
0 . 2 8 
, 0 0 - 0 . 1 2 
0 .3O 
0-
0 ' 
0-
0 . 3 0 
0 . 3 0 
0 . 2 5 
0 . 5 2 
0 . 4 5 
-
- 0 . 2 5 
-O.OOT 
0 . 3 4 TD 
0 . 2 0 
-o.go 
:j<^-^^5>it!iS:^ii<5ieH< 
0-
0-
0 . 5 0 
0 . 4 0 
0 . 5 0 
0 . 6 0 
0 . 5 0 
-
- 0 . 6 0 
- 0 . 3 0 
0 . 6 0 
0 . 3 5 
0 . 4 8 
0-
0-
0 . 6 8 
0 . 6 5 
0 .69 
0 . 7 4 
0 . 5 2 
-
- 0 . 6 0 
- 0 . 5 0 
0 . 7 0 TD 
0 . 4 0 
0 . 6 0 
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T A a L E - XXII 
Rf values of metal ions in n-Propyl alcohol formic 
acid systems. 
M e t a l i o n s 
Ag^ 
Hg+2 
Kg-^l 
Pb+2 
Cu'^^ 
Gd+2 
Bi-^3 
As+3 
Sn+2 
Sb+S 
Al-^3 
p e + 3 
Qp+3 
Mn+2 
Co-*-2 
Ki+2 
^ 4-'5 
P i 
0 . 0 0 T 
0 . 0 0 T 
0 . 0 0 - . 4 0 
0 . 0 0 
0 . .01 
O.OOT 
o.oor 
0.50 
0.55 
o.ei 
O.OOT 
O-SF 
O.OOT 
O.OOT 
O.OOT 
O.OOT 
O.OOT 
P2 
0 . 0 0 T 
0 . 0 0 T 
0 . 0 0 T 
0 . 0 4 
0 . 1 4 
0 . 1 0 
0 . 1 8 
0 . 4 5 
0 . 5 7 
0 . 6 2 
0 . 3 0 
0 . 7 0 
0 . 1 5 
0 . 2 0 
0 . 1 0 
0 . 0 5 
0 . 2 0 
^ 3 
0 . 0 0 T 
0 . 4 0 
0 . 0 0 - . 4 0 
0 . 2 0 
0 . 2 8 
0 . 3 4 
0 . 3 2 
0 . 4 4 
0 . 6 4 
0 . 5 3 
0 . 3 5 
• 0 . 0 0 
0 . 2 5 
0 . 2 1 
0 . 3 0 
0 . 2 1 
0 . 3 0 
P4 
0 . 0 0 T 
0 . 5 5 
0 . 5 8 
0 . 3 0 r f P A 
0 . 3 2 
0 . 5 5 
0 . 4 8 
0 . 2 1 , 0 , 5 0 
0 . 5 5 
0 . 6 3 
0 .56 
0 . 6 0 
0 . 5 6 
0 . 4 5 
0 . 6 0 
0 . 3 6 
0 . 6 0 
P5 
0 . 0 0 T 
0 . 3 3 
0 . 6 3 
O.40rFfA 
0 . 4 1 
0 . 5 5 
0 . 3 2 
0 . 4 0 
0.55C 
0.55C 
0 . 7 0 
0.64C 
0 . 6 5 
0 . 6 0 
0 . 6 0 
0 . 7 0 
0 . 6 8 
on n e x t page . . . 
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Ca +2 
Ba + 2 
Sr + 2 
Mg' + 2 
Be +2 
U +6 
T l 
Th 
Zr 
-i-4 
+4 
Ce 
4-4 
+4 
V 
L a +3 
O.OOT 
O.UO 
o.uor 
o.uar 
o.oor 
o.uor 
0.U2 
o.uor 
O.OOT 
0 . 0 0 
O.OOT 
o.uor 
0 . 1 5 
0 . 0 5 
0 . 1 5 
0 . 0 5 
0 . 4 1 
0 . 2 1 
0 . 0 5 
0 . 2 0 
O.OOT 
0 . 1 5 
0 . 0 8 
0 . 1 2 
0 . 3 0 
0 . 2 0 
0 . 3 4 
0 . 2 3 
0 . 5 2 
0 . 2 0 
0 - 0 . 3 0 
0 - 0 . 3 0 
O.OOT 
0 .S4 
0 . 1 2 
0 . 2 1 
0 . 6 0 
0 . 6 3 
0 . 5 2 
0 . 6 1 
0 . 7 1 
0 . 3 6 
0 . 5 6 
0 - 0 . 6 0 
0 . 1 2 r 
0 . 5 0 
0 . 4 0 
o.ei 
0.65 
0.70 
0.62 
0.70 
0.72 
0.70 
0.75 
0-70 
o.eOE 
0.70 
0.66 
0.71 
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T A B L E - XXIII 
Rf values of metal ions in I so-propyl alcohol ' 
Formic ac id systems. 
Sys t em 
M e t a l i o n s 
Ag"^ 
Hg-^2 
Yig2^ 
P13+2 
Cu+2 
Cd+2 
•gj^+3 
As+3 
Sn+2 
Sb"*"*^  
Al-^3 
pe"^"3 
Qp+3 
Mn"'"^ 
Go-^2 
1^1 
O.OCfT 
O.OOT 
O.CX) 
0.00 
0.00 
o.oo 
0 . 0 0 
0 . 2 0 
0 . 5 1 
0 . 5 0 
0 . 7 0 
O.OOT 
O.OOT 
0 . 0 8 
0 . 0 0 
^ ^ 2 
0 . 0 0 
O.OQI 
O.OOI 
0 - 0 . 1 0 
0 . 0 5 
0 . 1 0 
0 . 1 5 
0 . 1 8 
0 . 3 0 
0 . 2 0 
0 . 6 0 
0 . 6 0 
O.OOT 
0 . 0 8 
0 . 1 5 
I P 3 
0 . 0 0 
0 . 4 0 
-0 .30 
0 & 0 . 3 0 
0 . 2 3 
0 . 1 8 
0 . 2 0 
0 . 2 0 
O.gO 
0 . 4 5 
0 . 3 0 
0 . 3 0 
0 . 2 0 
0 . 2 0 
0 . 3 0 
I P 4 
0 . 0 0 
0 . 4 0 
0 . 4 0 
0 . 4 0 
0 . 3 3 
0 . 3 0 
0 . 3 5 
0 . 2 0 
0 . 5 5 
0 . 6 0 
0 . 6 0 
0 . 6 0 
0 . 5 0 
0 . 5 5 
0 . 6 3 
on ne 
0 & 
0 & 
x t pa J 
^ ^ 5 
0 . 0 0 
0 . 5 0 
0 . 4 0 
0 . 5 1 
0 . 6 2 
0 . 5 5 
0 . 5 2 
0 . 1 8 
0 . 5 7 
0 . 6 2 
0 . 7 2 
0 . 8 0 
0 . 7 0 
0 . 6 4 
0 . 7 0 
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Ni"^^ 
Zn+2 
Ca-^-2 
Ba+2 
Sr-^2 
JyJg+2 
Be"^2 
^4.6 
Tl*^ 
rp 1,-1-4 
Zr+4 
^ +4 Ce 
,r+4 
0 . 0 0 
COOT 
o.gor 
0 . 0 0 
0 . 0 5 
O.OOT 
0 - 0 . 7 0 
O.OOT 
O.OOT 
O.OCT 
O.OOT 
0-
0-
0 . 0 8 
0 . 1 8 
0 . 1 0 
0 . 0 0 
0 . 1 0 
0 . 1 0 
0 . 2 5 
-
- 0 . 2 8 
- 0 . 1 5 
0 . 1 5 
0 . 2 6 
0 . 2 5 
0 . 2 0 
0 . 3 0 
0 . 2 0 
0 . 2 0 
0 . 4 0 
0 , 5 0 
0 - 0 . 3 0 
-
0 . 2 3 
0^  
0-( 
0-
0 . 6 0 
0 . 5 0 
0 . 3 5 
0 . 5 2 
- 0 . 5 0 
0 . 6 0 
0 . 6 3 
0 .56 
-
0 . 4 0 
- 0 . 3 0 
0 
0-
& 
-0, 
0 . 6 5 
0 . 6 0 
0 . 7 0 
0 .69 
0 . 6 8 
0 . 7 5 
0 . 7 8 
0 . 7 5 
0 . 7 0 
. 5 0 
0 . 7 5 
La' +3 O.OOT 0.18 0 -0 .30 0 -0 .30 0.70 
J'iUQAPilL'" r s^4 
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T A B L E - XXIV 
R._£. v a l u e s of meta l i o n s i n n -Bu ty l a l c o h o l ' 
Formic a c i d s y s t e m s . 
System 
Metal i o n s 
Ag+ 
Hg+2 
Hg-^l 
pb+2 
Cu"'*2 
Cd"^2 
B i + 3 
As-^3 
Sn+2 
Sb-^3 
p e + 3 
Al+3 
Cr+3 
Mn+2 
B l 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
O.OOT 
0 . 0 0 
0 . 0 0 
0 . 0 8 
0 . 5 0 
0 . 6 2 
0 . 0 0 
O.OOT 
0 . 0 0 
0 . 0 0 
^ 2 
0 . 0 0 
O.OOT 
0 . 1 0 
0 . 0 0 
0 . 0 5 
0 . 1 0 
0 . 1 0 
0 . 2 0 
0 . 5 5 
o.eCT 
O.OOT 
O.OOT 
0 . 0 0 
0 . 1 0 
B3 
0 . 0 0 
0 . 4 1 
0 . 0 0 & 0 . 4 1 
0 . 0 8 
0 . 2 0 
0 . 2 2 
0 . 2 0 
0 . 1 8 
o.€e 
0.43 
0.40 
0.25 
0.31 
0.30 
-t>4 
0 . 0 0 
0 . 5 5 
U.OO & 0, 
0 . 3 0 
0 . 3 2 
0 . 3 5 
0 . 3 0 
0 . 1 5 
0 . 4 8 
0 . 4 0 
0 . 6 0 
0 . 6 0 
0 . 6 0 
0 . 4 0 
B5 
0 . 0 0 
O.OCT 
,60 0 . 0 0 & 0. 
0 . 5 1 
0 . 5 0 
0 . 6 0 
0 . 3 0 
0 . 4 5 
0 . 6 2 
0 . 5 0 
0 . 7 5 
0 . 6 8 
0 . 6 8 
0 . 7 0 
Contd . on nex t page 
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Zn +2 
Ni + 2 
Co 
Ga 
+2 
+ 2 
Ba + 2 
Mg+2 
L a +3 
Ce -{-4 
Zr +4 
Th +4 
U' +6 
V 
Be 
+4 
+ 2 
T l + 1 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 , 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
O.OOT 
O.OOT 
0 . 0 0 
O.OOT 
0 . 0 0 
0 . 0 8 
0 . 0 5 
0 . 0 5 
0 . 0 5 
0 . 0 0 
0 . 1 0 
0 . 1 0 
0 . 0 0 
O.OOT 
0 . 0 0 
O.OOT 
0 . 0 0 
0 . 0 0 
0 . 2 0 E 
0 . 0 5 
0 . 3 8 
0 . 2 0 
0 . 3 0 
0 . 2 8 
0 . 2 8 
0 . 3 0 
0 . 3 0 
O.OOP 
O.OGT 
O.OOT 
O.OOT 
0 . 5 0 
0 . l 6 
0 . 3 2 
0 , 3 0 
0 . 5 0 
0 . 4 2 
0 . 5 0 
0 . 4 8 
0 . 5 5 
0 . 6 0 
0 . 6 0 
0 . 4 0 
0 . 5 2 
O.OOT 
0 - 0 . 7 
0 . 7 0 
0 . 3 0 
0*66 
0 . 5 6 
0 . 7 3 
0 . 7 2 
0 . 7 0 
0 . 7 2 
0 . 6 0 
0 . 6 5 
0 . 7 2 
0.7CE 
0.70T 
0 - 0 . 8 
0 - 0 . 8 
0 . 7 5 
0 . 8 0 
0 . 8 0 
0 . 7 2 
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T A B L E - XXV 
R^ v a l u e s of meta l i o n s i n I s o - b u t y l a l coho l -
Poimic a c i d sy s t ems . 
S y s t e m 
M e t a l i o n s 
Ag^ 
Hg+2 
Hgg 
Pb+2 
Cu"*"^  
Cd^2 
3 . ^ 3 
As-^3 
gj^+2 
Sb'^^ 
Al"*"^ 0-
Fe-^3 
Qy+3 
Mn"*"^  
I B i 
0 . 0 0 
0 . 0 0 
O.OOT 
0 . 0 0 
O.OOI 
0 . 0 0 
0 . 0 0 
0 . 1 8 
0 . 5 5 
O . Q O 
- 0 . 1 8 
o.oor 
0.00 
0 .00 
IB 2 
0 .08 
-
0 .25 
0 .00 
-
0 .10 
0 .15 
0 .30 
0 .32 
0 .40 
0 .10 
0 .10 
0 .10 
0.08 
IB 3 
0 .20 
0 . 5 1 
0 & 0 .50 
0.18 
0 .10 
0.28 
0 .20 
0 .52 
0 .50 
0 .20 
0 .30 
0.18 
0 .20 
IB4 
0 .35 
0 .60 
. 0 & 0 .50 
0 .32 
0 .12 
0 .40 
0 .20 
0.57 
0 .63 
0 .60 
0.44 
0.56 
0 .€0 
IB 5 
0 .50 
0 .65 
0 & 0 .40 
0 .50 
0 .50 
0 .60 
0 .50 
0.12 
0.50 
0 .52 
0.77 
0 .70 
0.70 
0.70 
Contd . on nex t page . 
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Co-^^ 
M-^2 
Zn+2 
Ca-^2 
Ba-^2 
Sr'*"^ 
Mg"*"^  
Be-^2 
U+6 
Tl**" 
Th+4 
Zr-^'* 
Ce+'^ 
Y"^ '^  
La-^-3 
0 . 0 0 
0 . 0 0 
0 . 0 1 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 2 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
-
0 . 0 0 
0 . 0 7 
0 . 0 8 
0 . 1 0 
0 . 0 5 
0 . 0 5 
0 . 0 8 
0 . 0 2 
0 . 1 5 
' 0 . 1 2 
0 - 0 . 1 0 
0 - 0 . l 6 
0 . 0 1 
0 - 0 . 1 5 
0 . 0 5 
0-
0-
-0. 
-0. 
0 . 2 0 
0 . 2 0 
0 . 3 0 
0 . 1 8 
0 . 1 8 
0 . 2 0 
0 . 1 8 
0 . 3 0 
0 . 3 0 
, 2 0 
, 3 0 
0 . 2 1 
0 . 2 4 
0-
0-
0 
-0 . 
-0 , 
& 
0 . 5 0 
0 . 5 1 
0 . 5 0 
0 . 4 5 
0 . 5 2 
0 . 4 7 
-
0 . 6 4 
0 . 4 0 
. 20 
.50 
0 . 4 0 
0 . 5 6 
0 . 7 0 
0 . 7 5 
0 . 7 5 
0 . 7 0 
0 . 7 0 
0 . 7 2 
0 . 7 1 
0 . 7 4 
0 . 6 0 
0 - 0 . 5 0 
0 . 7 0 
0 . 6 5 
0.7C 
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T A B L E - XXVI 
R^ va lue s of meta l i o n s i n Amyl-alcohol 
Formie a c i d s y s t e m s . 
S y s t e m Am-^  
M e t a l 
Ag+ 
Hg+2 
H^r 
pb+2 
Cu^"^ 
Gd"^+ 
B i ^ S 
1 O 
As-^^ 
Sn-^ -*-
Sb"^-^ 
Al-*-^ 
Fe-^3 
QJ.+3 
Mn"*"^  
i o n s 
0 . 0 0 
0 . 0 0 & 0 , 5 1 
O.OQT 
0 . 0 0 
0 . 0 0 
0 . 0 0 
O.OOT 
0 . 3 2 
0 . 5 0 
0 . 5 0 
O.OOT 
0 . 0 0 - S . F . 
O.OOT 
O.OOT 
0 . 0 0 
0 -
Am 2 
0 . 0 3 
& 0 . 5 0 
O.OCT 
0 . 0 2 
0 . 1 5 
0 . 1 0 
0 . 1 3 
0 . 2 3 
0 . 5 3 
0 . 5 2 
0 . 0 2 
0 . 6 l 
0 . 0 3 
0 . 0 3 
Amo 
O.OOT 
O.Cg 
0 & 0 . 5 0 
0 - 0 . 2 5 
0 . 2 2 
0 . 3 0 
0 . 2 4 
0 . 2 3 
0 . 4 6 
0 , 5 5 
0 . 2 7 
0 . 2 1 
0 . 2 0 
0 . 2 0 
Am4 
O.OOT 
0 . 6 l 
0 . 0 0 & 0 . 
0 - 0 . 2 3 
0 . 3 0 
0 . 1 5 
0 . 5 0 
0 . 3 2 
0 . 4 4 
0 . 6 0 
0 . 4 3 
0 . 4 0 
0 . 5 0 
0 . 3 3 
Ams 
0 . 0 0 
0 - 0 . 6 6 
65 0 . 6 2 
0 - 0 . 5 2 
0 . 6 2 
0 . 6 0 
0 . 5 0 
0 . 4 0 
0 . 6 0 
0 . 5 5 
0 . 6 5 
0 . 6 0 
0 . 6 8 
0 . 6 5 
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Co"^ -*-
Ni++ 
Zn-*--^  
Ca"^ "*" 
Ba"^"^ 
Sr-*"+ 
Mg"*""^  
Be+2 
^ + • 6 
Tl"^ 
Th-^^ 
Zr-^ 
Ce"*"3 
y + 4 
La-^2 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 1 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 - 0 . 5 1 
0 . 0 0 
0 . 0 0 
0 . 0 0 - 0 . 5 0 
0 . 0 0 
0 . 0 9 
0 . 0 0 
0 . 0 0 
0 . 0 3 
0 . 0 3 
0 . 0 9 
0 . 0 5 
0 . 0 5 
0 . 0 4 
0 . 0 0 
0 . 0 0 
0 . 0 3 
0 . 0 0 
0 . 0 0 
0 . 0 3 
0 . 1 0 
0 . 0 0 
0 . 0 0 
0 . 3 0 
0 . 4 0 
0 . 3 5 
0 . 3 2 
0 . 4 0 
0 . 3 5 
0 . 3 0 
0 . 3 2 
0 . 2 8 
0 . 3 5 
0 - 0 . 2 5 
0 - 0 . 3 0 
0 . 2 6 
0 . 2 0 
0 . 2 8 
0 . 5 2 
0 . 5 0 
0 . 5 0 
0 . 5 2 
0 . 5 0 
0 . 5 2 
0 . 4 4 
0 . 6 0 
0 . 4 7 
O .eO 
0 - 0 . 4 2 
• 0 - 0 . 4 0 • 
0 , 4 4 
0 , 3 0 
0 , 4 4 
0-
0-
0-
0 . 7 0 
0 . 6 0 
0 . 7 0 
0 . 7 3 
0 . 7 3 
0 . 7 0 
0 . 7 3 
0 . 7 5 
0 . 6 6 
0 . 6 8 
- 0 . 7 0 
- 0 . 5 5 
0 . 5 3 
- 0 . 6 0 
0 . 7 3 
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A B L E - XXVII 
R-f v a l u e s of me ta l i o n s i n Iso-anryl a l c o h o l ' 
Formic a c i d sys tem. 
Metal i o n s . 
kg^ 
Hg-^2 
-i-2 
Hg2 
pb+2 
Gu^-S 
Cd+2 
Bi-^3 
As-^3 
Sn+2 
sb-^3 
Al-^3 
Fe-^3 
QJ.+ 3 
Mn+2 
l A w i 
0 . 0 0 
o.oor 
0 . 0 0 
0 . 0 0 
0 , 0 0 
0 . 0 0 
-
-
0 . 3 8 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 • 
lAnig 
0 . 2 0 
0 - 0 , 2 0 
0 . 0 4 
0 . 1 0 
-
0 . 0 9 
-
-
-
0 . 2 0 
0 . 1 0 
0 . 0 8 
0 . 1 2 
0 . 0 8 
lAnio 
0 . 5 1 
O.oor 
0 . 1 4 
0 . 3 3 
0 . 1 0 
0 . 3 0 
0 . 2 0 
-
0 . 4 5 
0 . 3 1 
0 . 3 0 
0 . 2 1 
0 . 2 0 
0 . 2 0 
lAm^ 
0 . 6 2 
O.eO 
0 - 0 . 3 0 
0 . 5 2 
0 . 3 0 
0 . 3 5 
0 . 1 0 
-
0 . 6 0 
0 . 5 0 
0 . 4 0 
0 . 5 0 
0 . 4 0 
0 . 4 5 
lAnij-
0 . 7 0 
-
0 - 0 . 5 0 
0 . 7 0 
0 . 6 2 
0 , 7 0 
0 . 1 0 
-
0 . 5 4 
0 . 7 0 
0 . 7 2 
0 . 6 0 
0 .56 
• 
_ 
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Co + 2 
Ni + 2 
Zri + 2 
Ca' + 2 
Ba +2 
S r ^ 2 
Be-^2 
Tl**" 
+4 Th-^  
Zr -h4 
,+4 
L a + 3 
Ce* 
r+4 
o.uo 
u.ou 
o.uo 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 1 0 
0 . 1 1 
0 . 0 8 
0 . 1 0 
0 . 0 7 
0 . 0 8 
0 . 0 9 
0 . 2 5 
0 . 3 0 
0 . 3 0 
0 . 2 0 
0 . 3 1 
0 .29 
0 . 2 6 
0 . 2 8 
0 . 5 4 
0 . 5 5 
0 .46 
0 . 5 5 
0 . 5 4 
0 . 5 4 
0 . 5 4 
0 . 4 5 
0 . 7 2 
0 . 6 8 
0 . 7 0 
0 . 7 2 
0 . 6 7 
0 . 7 7 
0 . 6 4 
0 . 5 0 
O.OOT 
O.OOT 
O.OOT 
O.OOT 
O.OOT 
O.OOT 
0 - 0 . 2 0 
0 - 0 . 2 
O.OOT 
0 - 0 , 2 
0 - 0 . 3 -
0 . 3 0 
0 - 0 . 4 0 
0 - 0 . 4 
0 - 0 . 5 2 
0 - 0 . 3 
0 - 0 . 4 0 
0 . 5 2 
0 - 0 . . 5 
0 - 0 . 5 
0-SF 
0 .56 
0-SF 
0 . 6 l 
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T A B L E - XXVIII 
Rf v a l u e s of meta l i o n s i n Tert-Amyl a l coho l -
Formic a c i d sys t ems . 
S y s t e m 
M e t a l i o n s . 
Ag"*" 
Hg-^2 
Hg2"'^ 
Pb+2 
Q^+2 
Cd+'** 
Bi-^3 
As^3 
Sn+2 
Sb+3 
Al+3 
ipgi-S 
Cr-^3 
Mn"*"2 
T -Am-|_ 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 1 0 
0 . 5 2 
0 . 5 3 1 
O.OOT 
0 . 0 0 
0 . 0 0 
0 . 0 0 
T -Amg 
O.OOT 
0 - 0 . 3 0 
0 . 0 0 
0 . 0 0 
0 . 1 0 
0 . 0 8 
0 . 1 0 
0 . 1 5 
0 . 5 3 
0 . 5 5 
O.SOE 
0 . 2 0 
0 . 0 2 
0 . 0 3 
T-Amo o 
— 
0 . 3 2 
0 - 0 . 4 0 
0 . 1 5 
0 . 1 7 
0 . 3 5 
0 . 1 2 
0 . 1 3 
0 . 5 0 
0 . 5 0 
0 . 3 2 
0 . 3 0 
0 . 3 0 
0 . 1 4 
T -Am^ 
— 
O.OOT 
0 . 0 5 
0 - 0 . 4 0 
0 . 5 0 
0 . 4 5 
0 . 2 0 
0 . 2 7 
o.eo 
0 . 5 2 
0 . 6 0 
0 . 5 5 
0 . 5 0 
0 . 6 0 
T-Am^ 
O.OOT 
0 . 0 0 
o.6or 
0 . 5 0 
0 . 5 0 
0 . 8 0 
0 . 8 0 
0 . 2 4 
0 . 5 5 
0 . 5 0 
0 . 7 0 
0 . 7 6 
0 . 7 0 
0 . 7 5 
. . . Contd . on nex t page . . . 
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QQ + + 
Ni^' '" 
Zn"^ "*" 
Ca"^ ''*" 
Ba-*"*" 
Sr-*"' 
Mg"**"*" 
Be++ 
TJ+6 
Ti"*" 
Th+4 
2^+4 
Ce-^3 
V^'^ 
LA^3 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
o.oor 
o.oor 
0.00 
0.00 
0.00 
0.00 
0.00 
0.10 
0.10 
0.10 
0.01 
0 . (^ 
0.00 
0.05 
0.30E 
0.25 
0-0.30 
0.00 
0.12 
0.08 
0.10 
0.27 
0.25 
0.28 
0.28 
0.20 
0.30 
0.30 
0.50 
0.40 
-
O.oor 
0-0.30 
0.10 
0-0.30 
0,60 
0.50 
o.eo 
0.64 
0.66 
0 .56 
0.55 
0.70 
0.56 
O.oor 
O.OOT 
0 - 0 . 5 0 
0 . 4 0 
0 - 0 . 6 0 
0. 
0' 
0 
0 . 7 0 
0 . 7 0 
0 . 7 2 
0 . 7 5 
0 . 7 3 
0 , 7 1 
0 . 7 0 
0 .76 
0 ,76 
- 0 . 7 0 
- 0 . 8 0 
- 0 . 7 0 
0 , 8 0 
0 . 8 0 
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T A B L E - XXIX 
Rf v a l u e s of nietal i o n s o c t y l a lcohSl -
Formic a c i d systems 
Sys tem 
M e t a l i o n s 
Ag^2 
Hg+2 
x.gg 
pi-j+2 
Cu-^2 
0(1"^^ 
Bi'^''^ 
As-»-3 
STD+3 
Sn'^S 
p e + 3 
Al+3 
Cr-^-3 
Zn+2 
Ol 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 .26 
0 . 2 5 
0 . 3 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
^ 2 
O.OOT 
0 . 0 0 
0 . 0 0 
0 . 0 5 
0 . 0 5 
0 . 0 0 
0 . 0 5 
0 . 6 0 
0 . 2 9 
0 . 2 2 
0 . 0 0 
0 . 1 0 
0 . 0 0 
0 . 0 0 
O3 
o.oor 
0.20 
o.oor 
0.10 
0.10 
0.20 
0.05 
0.12 
0.43 
0.30 
0.05 
0.09 
0.05 
0.18 
O4 
O.oor 
0.47 
0.00 & 0. 
0.00 & 0. 
0.22 
0.30 
0.30 
0.13 
0.35 
0.22 
0.42 
0.32 
0.30 
0.30 
.30 
,30 
°5 
O.OOD 
0 . 7 0 
0 . 8 0 
0 - 0 . 7 0 
0 . 7 7 
0 . 8 0 
0 . 7 3 
0 . 3 0 
0 . 4 4 
0 . 4 0 
0 . 8 1 
0 . 7 3 
0 . 7 0 
0 . 8 0 
. . . Contd . on nex t page . . . 
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k n 
Ki"^^ 
Go-^2 
Ca-^2 
Ba-^2 
S r + 2 
Mg"^2 
La-^3 
Ce+4 
Zr-^4 
U+6 
rr.1 + 4 
T l ^ 
Be-^2 
^+4 
0.00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .05 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .05 
0 .00 
0 .00 
0 .05 
0 .00 
0 .00 
0 .20 
0 .15 
0.18 
0.09 
0 .05 
0 .05 
o.oor 
0 . 0 5 
O.OOT 
0 . 1 2 
0 . 0 5 
0 . 0 0 
0 . 2 8 
0 . 3 0 
0 . 3 0 
0 . 4 0 
0 . 3 1 
0 . 2 9 
0 . 3 2 
0 . 3 5 
0 . 4 0 
0 - 0 . 3 0 
0 . 4 2 
O.OOD 
0 . 4 0 
0 . 4 3 
0 . 3 0 
0 . 8 1 
0 . 7 5 
0 . 8 0 
0 . 7 5 
0 . 7 5 
0 . 7 3 
0 . 7 8 
0 . 7 5 
0 . 7 5 
O.OCT 
0 . 7 5 
O.OOT 
0 . 8 0 
0 . 8 0 
0 . 7 0 
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T A B L E - XX] 
Rf v a l u e s of meta l i o n s i n A l l y l a l coho l -
Formic a c i d s y s t e m s . 
S y s t e m 
M e t a l i o n s 
Ag"^  
Hg+2 
Hg-^l 
pb-^2 
Cu"^2 
Cd+2 
Bi"*"^ 
As-^3 
Sn^2 
Al^S 
F e ^ ^ 
Gr+3 
H 
0,001 
O.OOT 
O.OCXD 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 4 6 
0.65C 
0 . 6 9 1 
O.OOT 
0,00 
0 . 0 0 
^ 2 
O.OOT 
0 . 7 1 
0 . 0 0 
0 - 0 . 2 0 
0 . 2 4 
0 . 3 6 
0 . 3 5 
0 . 4 1 
0 . 6 ? 
0 .63T 
0 . 4 1 
0 .63B 
0 . 3 0 
0-
0. 
0-
A3 
-O.eOT 
,00 & 0 . 
0 . 0 0 
- 0 . 2 0 
0 . 4 2 
0 . 4 0 
0 . 4 0 
0 . 4 2 
0 . 5 7 
0 . 5 3 
0 . 5 7 
0 . 6 0 
0 . 5 0 
A4 
0 . 0 0 
,50 0 . 6 0 
0 . 0 0 
0 - 0 . 6 0 
0 . 4 5 
0 . 6 7 
0 . 5 0 
0 . 4 0 
0 . 5 5 
0 . 5 6 
0 . 5 0 
0 . 6 5 
0 . 6 0 
^ 5 
0 . 0 0 
0 . 7 0 
0,00 & 0.70 
0-0.70 
0.69 
0.68 
0.53 
0.40 
0.52 
0.50 
0.80 
0.80 
0.80 
Contd . on page 91 
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Mn'^2 
Co-^2 
Ni+2 
Zn"*'^  
Ca+2 
Ba-^2 
S r+2 
Mg+2 
Be-^2 
U+-6 
ipT_+-
Th"^^ 
Zr+4 
Ce-^4 
•rr'T^X 
L a + 3 
0 . 0 0 
0 , 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
O.OOT 
0 . 0 0 
0 . 0 0 
O.OQT 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 2 1 
0 . 2 5 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 2 
0 . 2 0 
0 . 1 5 
0 . 5 0 
0 . 3 0 
O.OOT 
0 - 0 . 4 0 
0 . 2 5 
0 . l 6 
0 . 3 0 
0 . 4 5 
0 . 4 2 
0 . 4 1 
0 . 4 0 
0 . 4 0 
0 . 4 2 
0 . 4 1 
0 . 4 3 
0 . 4 0 
0 . 3 5 
0 . 3 5 
0 - 0 . 3 0 
0-0.4ar 
0.32 
0.20 
0.50 
0.6,0 
0.50 
o.ei 
0.50 
0.52 
0.55 
0.60 
0.60 
0.60 
0.54 
0.55 
0-0.60 
0-0.50 
0.50 
0.44 
0.60 
0.70 
0.80 
0.80 
0.80 
0.70 
0.70 
0.75 
0.70 
0.82 
0.60 
0.77 
0.78 
0-0.80 
0.80 
0.66 
0.81 
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T A B L E^ - X ^ ^ 
+ -1 nnns i n Benzyl a lcoho l -Kf v a l u e s of^meta l xons ^^^^^^^^ 
system 
Metal i o n s 
^Z3 
B74 "^25 
0 . 0 0 ^ - 0 0 
n 00 O*'^^ 
. + 0 - 0 " ^ O r O 
o "^ lO 0 . 6 ^ 
"• . 0 . 0 0 . 0 1 0 .60 0 . 0 0 ^ 0 . 6 0 
+2 0 .00 0 .00 & 0 .50 O.60I 
«82 „ 0 8 0 . 3 1 0 - 0 . 3 0 O-u.eO 
Pf*2 0 .00 • ^^^^ 0 ,g3 
+ 2 0 . 0 0 " ' - ^ ^ Q^30 
vyU ^ Of) 0 . ^ < 3 
O ' E O O" .31 
' • ' ° 0 . 0 o.5e 0.53 
n 4-'=) U»f>^ 
+ 2 0 . 4 0 0 ' ^ ^ . n 75 
Sn^ 0 4 0 0 - 5 ^ 
+3 0 . 0 5 ^"^^ n «5 
^ ' . 0 10 0 . 2 0 0 . 5 2 0 . 8 5 
_ . 0 . 5 0 0 . 7 5 
^ ^ + 3 0 . 0 0 0 . 0 8 0 . 2 1 
. . . c o n t d . on nex t page . . . 
Zn+2 
Mn+2 
M-^2 
Co-^-2 
Ca-^-2 
Ba+2 
g^+2 
Mg+2 
La-^3 
+4 
Zr+4 
U+^ 
Th+4 
T1+ 
Be-^2 
v-^ '^  
0 . 0 5 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 8 
0 . 0 0 
0 . 1 0 
0 , 0 0 
0 . 0 0 
0 . 0 5 
0 . 0 0 
0 . 1 0 
0 . 0 8 
0 . 0 8 
0.C6 
0 . 1 0 
0 . 1 0 
0 . 0 9 
0 . 1 0 
0 . 0 8 
0 . 0 8 
0 . 0 0 
0 . 1 5 
0 . 0 8 
0 . 1 8 
0 . 1 0 
0 . 0 0 
0 . 2 1 
0 . 2 1 
0 . 1 7 
0 . 2 2 
0 . 2 5 
0 . 2 8 
0 . 2 7 
0 . 2 0 
0 . 2 7 
0 . 2 1 
O.OOT 
0 . 3 0 
0 - 0 . 3 0 
0 . 3 2 
0 . 3 0 
0 . 2 2 
o.eo 
0.55 
0.54 
0.60 
0.60 
0.68 
0.50 
0.70 
0.54 
0.55 
0-0.70 
0.66 
0-0.50 
0.64 
0.70 
0.50 
0.86 
0.76 
0.80 
0.80 
0.88 
0.85 
0.85 
0.80 
0.80 
0.75 
0-0.70 
0.80 
0-0.70 
0.80 
0.85 
0.70 
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T A B L E - XXXII 
Rf values of metal ions in cycloheKanol• 
Formic aeid systems. 
5^ ^ stems 
Metal i ons . 
Ag"*" 
Hg+2 
Hg^s 
pt,+ 2 
Cu'^^ 
Cd-^2 
Bi-^3 
As'^2 
« +2 Sn^ 
Sb+2 
Fe^^' 
Al-^3 
C P + S 
C l 
0 . 0 0 
o.oor 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 2 
0 . 0 0 
0 . 3 0 
0 . 5 7 
0 . 6 3 
0 . 0 0 
0 . 0 9 
0 . 0 0 
C2 
0 . 0 0 
O.OCT 
O.oor 
0.18 
0.10 
0.10 
0.20E 
0.15 
0.61 
0.66 
0.14E 
0-0.2 
O.oor 
S 
0 . 0 0 
0 . 6 2 1 
0 . 0 0 & 0 . 6 0 
0 - 0 . 2 0 
0 . 1 0 
0 . 2 5 
0 . 3 0 
0 . 5 2 
0 . 6 5 
0 . 6 2 
0 . 3 0 
0 . l 6 
0 . 2 0 
C4 
O.OCT 
0 . 6 0 
0 . 0 0 & 
0 . 5 0 
0 . 3 8 
0 . 4 0 
0 . 4 5 
0 . 3 2 
0 . 3 3 
0 . 6 0 
0 . 6 3 
0 . 6 2 
0 . 5 3 
0 . 5 0 
^ 5 
0 . 0 0 
0 . 7 1 
0 . 0 0 & 0 . 6 0 
0 . 0 0 & 0 . 5 0 
0 . 5 2 
0 . 7 0 
0 . 6 0 
0 . 3 7 
0 . 5 7 
0 . 6 2 
0 . 7 3 
0 . 7 0 
0 . 6 5 
Contd. on next page .. 
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Mn'^2 
Zn^2 
Ki+2 
Co"*'2 
+3 
Ba+2 
S r ^ ^ 
Mg-i-2 
La-*-3 
Ce-^ ^ 
Zr-^4 
Th+^ 
^+'6 
V^^ 
Be-^2 
Tl"^ 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
o.oor 
0.00 
o.oor 
0.00 
0.00 
0.10 
0.00 
0.08 
0.10 
0.08 
0.08 
0.00 
0.05 
0.00 
0.00 
0.06 
0.08 
0.00 
0.05 
0.18E 
0.00 
0.201 
0.12 
0.14 
0.20 
0.22 
0.20 
0.10 
0.12 
0.20 
0.10 
0.15 
0.13 
O.oor 
0 . 1 0 
0 . 2 5 
0 . 1 0 
0 . 2 2 
0 . 2 0 
0 . 4 2 
0 . 5 7 
0 . 4 6 
0 . 5 1 
0 . 5 0 
0 . 5 1 
0 . 4 2 
0 . 5 0 
0 . 6 2 1 
0 . 5 1 
O.eOTD 
0 - 0 . 6 0 
0 . 5 3 
0 - 0 . 4 0 
0 . 5 2 
0 . 6 0 
0 . 7 0 
0 . 6 8 
0 . 6 7 
0 . 7 1 
0 . 7 0 
0 .76 
0 . 7 2 
0 . 7 5 
0 . 7 1 
0 - 0 . 5 5 
0 - 0 . 7 0 
0 - 0 . 7 0 
0 . 7 1 
0 . 6 0 
0 . 8 0 
0 . 7 1 
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A representative curve of R^ values Vs formic 
acid concentration i s shown in Figure 6« Figure 6(a) 
refers to most metal ions . At lov; formic acid concen-
t ra t ions there i s only s l ight migration on paper. This 
i s eas i ly explained by the small po lar i ty of the solvent 
systems. As the concentration of formic acid increases 
the migration of the cations also increases to some 
extent. The ful l effect of the polar i ty of the solvent 
system is not f e l t as the polar character of the 
stationary phases (paper) re tards the movement of the 
ions s igni f icant ly . V/hen the formic acid concentration 
i s suff ic ient ly high i . e . 3C^ or higher, Rf values 
increase much more abruptly since the solvent system i s 
now suff icient ly polar to overcome considerably^ the 
retarding inf]_uence of the stat ionary phase. When the 
formic acid concentration i s 7CP/o, the system i s now so 
polar that any further increase in the acid concentration 
does not r e su l t in a corresponding increase in Rf val!..ues. 
The resu l t ing curve i s therefore S shaped. 
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Figure ei^) refers to the behavior of Sn"*"^  and 
Sb"^ *^ . These ions show some unusual characteristics. 
Thus even in low formic acid concentrations their Rf 
values are very high. The second interesting point is 
that their Rf values appear to be independent of the 
formic acid concentrations. This behavior may be 
explained on the assumption that the partition coeffi-
cient of the antimony-formic acid complex is independent 
of the formic acid concentration if it varies from 10% 
to 90%. A plot of Rf Vs % of formic acid does not give 
an S shaped curve in the case of methanol since methanol 
itself is a very polar substance and the change in 
concentration of formic acid does not significantly 
effect the polarity of the system. The plot of Rf Vs 
number of C atoms also gives an S shaped curve in the 
reverse sense i.e. the Rf value is initially high and 
then gradually decreases Fig.8. This follows from the 
fact that the polarit;/- of the alcohol decreases with 
increase in chain length. Figures 9 and 10 show that 
tin and antimony can be separated from numerous metal 
ions. Separation of binary mixtures containing either 
tin or antimony with one of the cations chrom.atographed 
was also successful. However Hgg ^ and Fe interfered. 
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Some other i n t e r e s t i n g r e a t u r e s may also be noted. 
When n propanol i s rep laced by an unsa tu ra ted alcohol 
e . g . a l l y l alcohol the Rf values increase in most cases 
due t o the increased p o l a r i t y of the sytem. The higher 
Rf values of metal ions i n brancheA chain^ . a lcohols 
when compared with normal a lcohols may also be explained 
s i m i l a r l y . 
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C H A P T E R - VI 
P r e c i p i t a t i o n Chromatography on S t ron t i um 
Chrornate P a p e r . 
R e c e n t l y t h e r e h a s been renewed i n t e r e s t i n t h e 
p r e c i p i t a t i o n chromatography s ince i t needs on ly simple 
and i n e x p e n s i v e equipment and can be u s e d fo r r a p i d semi -
q u a n t i t a t i v e d e t e r m i n a t i o n s of numerous meta l i o n s . 
Manganese f e r r o c y a n i d e ( 1 0 ) , f e r r i c hyd rox ide ( 1 3 ) , sodium 
t h i o s u l p h a t e ( 9 ) , hydroxyl amine (7}» aluminum hydroxide 
( 4 ) , n i c k e l f e r r o c y a n i d e ( 2 ) , ammonium n i t r a t e ( 1 ) , 
ammonium phosphomolybdate ( 1 1 ) , po ta s s ium iod ide - sod ium 
hjT'pophosphite ( 1 2 ) and cadmium s u l p h i d e ( 3 ) have been 
+ +2 +2 +2 
u t i l i z e d f o r some s t u d i e s on Ag , . ' : , Pb , Cd , Cu , 
A +3 ^+3 „ +2 „ . + 3 ,-.+2 „ +2 „ +2 ^^ ^ -r2 „ , + 4 As , Sb , Sn , B i , ha , Go , Zn , UOp , Th , 
_ +4 „,-i-3 _,,-f2 „+2 01.136 n 134 _ 89 ^^91 , I r , Rh , Pd , hg , Rb ' , Cs , Sr , Y and 
R a d i o n u c l i d e s . 
However, chromates have no t been s y s t e m a t i c a l l y 
s t u d i e d as p r e c i p i t a n t s a l t hough t h e y form a l a r g e number 
of i n s o l u b l e compounds wi th meta l i o n s . Po tas s ium 
chromate h a s been u s e d t o s t u d y t h e chromatographic 
movement of some c a t i o n s and t o i n v e s t i g a t e the s o l u b i l i t y 
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of chromates (8). Liimatta and coworkers showed that it 
^ 4.0 -t.3 4.0 +2 is possible to determine Ag , Cu , Fe » Hg > Co , 
Ei ) Zn"*"^  and Cd"*" by precipitation chronmtography (10). 
Mo studies have been recorded for the quantitative 
+ +2 
determinat ion of Ag and Hg g iJ-sing chromate as 
p r e c i p i t a n t . 
We the re fo re i n v e s t i g a t e d the behavior of t h ^ i r t y 
ca t ions on .s trontium chromate impregnated pauer and 
found t h a t mercurous and s i l v e r can be e a s i l y ; separated 
from numerous ca t ions* and they can also be q u a n t i t a t i v e l y 
determined us ing the r a the r simple technique of precipi tar 
t i o n chromatogp^aphy. 
Reagents and Apparatust Spot so lu t ions descr ibed in 
Chapter I I were used. S i l ve r and mercurous n i t r a t e s were 
s tandardized volumet r ica l ly for q u a n t i t a t i v e determina-
t i o n s . A planimeter was used to measure the spot a rea . 
Prepara t ion of P_aperJ 0.2 Molar so lu t i on of s trontium 
n i t r a t e was prepared and i t s pH f ixed betvreen 7 & 8. 
Whatman No.l c i r c l e s of diameter 7 cms. were dipped in 
t h i s so lu t ion and excess of the l i q u i d was soaked in paper 
- we -
cut t ings . Later the c i r c l e s were dried in an oven at 
70°C. These papers were then ke|>t in 0,2 M solution of 
potassium chromate for aoout five minutes. After the 
complete pntli . of strontium chromate on paper i t was 
dried J washed with water and redried in the oven. Reverse 
process was found to be l e s s e f f i c i en t . 
Spotting: A single spot with a th in glass capi l lary 
was applied for ojaalitative studies. For quanti tat ive 
determinations 0.005 ml of the cation solution under 
study was applied with a micropipette. 
Developments Simple capi l lary analysis described by 
Spain (10) was adopted. The cations under study were 
spotted in the center of paper c i r c l e s which was previously 
marked. The c i rc le was kept on the l i d of a petr idish 
and carefully covered with a short steiumed funnel. Glass 
cap i l la r ies with fore-end drawn were used as feed-ers. 
The capil lary was dipped into the developing solution 
and was kept into the center of the paper. The vjhole 
chromatographic process -book about tvjenty minutes. 0.2 M 
strontium n i t r a t e and 10^ ^ ammonium hydroxide v/ere used as 
developers. Standard detectors described in Chapter I I 
were used. 
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R E S U L T S 
Var ious c a t i o n s v e r e deve loped w i t h 0 . 2 M s t r o n -
t ium n i t r a t e s o l u t i o n a t pH 6 and lOfo ammonium hydroxide 
s o l u t i o n . R e s u l t s a r e summarized i n Tab le XXXIII. 
T A B L E - XXXIII 
Rf va lues of c a t i o n s i n 0 . 2 M s t r o n t i u m 
n i t r a t e and 10}b ammonium hj^droxide. 
C a t i o n s Sr(K03)2 ivH^OH C a t i o n s Sr(N03)2 KH^ OH 
Pe-^^ 
Al"'^ 
Cr 
Mn 
„ +2 Go 
+ 2 Zn 
„ +2 Ga 
Ba "^  
Mg^2 
Ag"^  
Hg+I 
Pb-^2 
•i-? 
Cu-^2 
Cd^2 
4.Q 
B i 
A + 3 
As 
Sb+3 
Sn'^2 
L a + 3 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 7 0 
S . F . 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
S . P . 
S . F . 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 4 1 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
S . F . 
S* F . 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
S . F . 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
Ce"^^ 0 - S . F . 0 .00 
. . . c o n t d . on next vaee . . . 
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B B S B B S B B ^ 
B B B B B S V S S 
• • B B E B B S t t 
a a B B ^ B E s a 
B B B n B B B B B 
t a B B B B B B ^ 
B B B B B a B B K 
a a a B B B B B B 
s a a B B B B S K 
a a £ r > « B c s e 
B B B B B B B B V 
B B B B B B B B n 
B B a B B a B H t ! 
B B B B B B B B S 
B B a a a a a S B 
B B a a a a a a a 
• B B M B B B B B 
a B B B B B B B B 
a e B B B B B a a 
B a B B B B B B B 
BBBaBB!»T»V 
B B > i a « » 9 « R 
S B B B U B E ^ e 
E B B S B B B C ^ 
i a a H # c t B B i 
l S » S » E « B B a 
t a ^ B e s a a a a 
( • • • • a a s a a 
« B B « S f t f i B B B 
( K S E k B a a B B 
t B B B a a a a a B 
E B f i B M t f t B a a 
I B B S B B B I J B a 
S B B B i e a e a a 
s a n a B B i i a a B 
S B B B a E a a a a 
t a e a a i i f t e a a 
B B B B r S B B B B 
t^*Ba<;9 . ! iCBa 
i B a a e e a a a a 
l a B B s a B B B S 
tsgi»^.»KBma 
- ' ^ i > k ^ a » 6 a a a 
^ ' ^ ^ ' l i e B a B B 
; . £ @ s « > a B a 
n B a B W B B > ) « a i t « x E 4 G » R ^ * - t - - « i i % ' ' ^SI-A: 
S B B B B R S B B B S S a S S - ^ , " " L 'ift'" -F^aaftS 
» B B a B B a a » « ! i « » e i : ' ..-. '"-'' . « a » > a > « « ^ 
SBBMBSB1»^ '> 9 9 ^ ' ' <>«» E a i l B B « 1 £ » S « 
SB1t9»'*r'J' ^S!tr . . i f B t f k B B I i a a t t B f d S B 
^m^nt-fs^s-'sv j B B B a K B B a a B B B B n s a 
n.9fsm" . B ^ e ' d S a B B B a B B a B B B B B a » e 
"S'.f.S.'-.^ . ^ B B B B B B B B B a B B a n B a B B B a 
' v A B a a B B B B B B B a a a B B B B B B B t a B a s 
B B B a B B B B B B B B B B B a u i l l B a a B B a B B a 
• B B a a B B B a a a a a B B B B B B B B B B R a a B B 
« B a B M « B B a a B 8 B B B B B a B B a B B X B a a a 
B a a a B B a B B B B a B B B B B B B B C B B a B B B a 
a B a a a a a a B a a B B B B a B B E B B B B B B B B C 
B B B B B B a s B a B B B B B a a a B B B a B B B s a s 
a a a B a s a B B B B B B B B B B a B a a B B B B B A B 
a B B B B B B B B a B B B B B B B B B a e B B B B E B E 
B B B a B R a B a a a a a B a a B B e B B J i a B a B B B 
B » B a B B a B a B B a B B B a a B B » » » a e a B B * 
a a B B B a a a a a B B B a a a a B B B t a c B B B B B P 
l a a a B a a B a B B B B B a N B B B B B H B B B B B 
B B B B B a B B B B B a a B B B a B B B B a B B a B B a 
• B B B B B B B M B B W B B B B B B a l i a a B B B B a 
B B B 8 « B a B B a B a B B B B K 8 B B B B B B B B B B 
B B B a a B B B B B B B a a a B a a B B a B B B f l B B a 
i w B 8 a a a B B B B a B B a a B B B « K B 8 B B « B B 
aaamBamaaamaaaamaaaammaarnKsim 
B B B B B B B B a a B B B B B a B B B B B a B B B B B B 
B B B B B L B B B B B B a B a a B a B a B a B B S a B B B 
• B B B B a a B B B B B B B a a a B B a n M a a a a 
B B B B B B B B • • B B B B B a a i k a n M a a a a a 
B B a B a a a B B B B B B a a B M B B a f f i B B a B B a 
I B a B B B B B a a a a a a B B t t a a a B m i M B B B i 
i B B a B a B B B B B B B B B B i i B B a a r t — B l 
a g a g g a a g B B B B B B B B B g a a a B a i a i c g s 
B I S S S B B B B B B a B B B B B W a B J U I B B W l U B B g 
r : : : 3 < B a a a B a B B B B B B a r . < s 9 - ' i { ^ M * B a 
^ f B B B a a a B B a B B B B S ^ i * , i: -MimmmaK 
B B a a B B a B B a « » a M i a » B B i H H B i M 8 B 
B a B B B B B B a a B a B i t t a a a i i S i i — a a a 
aBBBaaBBBaBBBBBaaaBBBAMmBB 
5 p ^ , i i - a a a 
i B B i ^ i i e a B a a 
k e a a f e ^ a a a a 
tnaamm^am 
K ^ a S B B B t a B 
^ S E T - K K ^ s a a B 
- t H ^ E f t a i B B B 
a B B B x a a a a 
flBaaeeiBBB 
I S B B B M B a a a 
i B a t i a B a a a a 
C B K E S E S a a i 
K a a t B t B i f B 
i B B a a B a a a s 
a n a n ^ s B B B i 
B a B x a a a a a * 
B B a a a B B a a a 
I B B a K ^ S B I I B 
i B a a s e a B H i 
B B B e B E a n a a 
B a a s B B B B B B 
I B B B a B C E B B 
I B B E U B B B B B 
aaartaaaama 
B B B B B B B a a a 
B B b K B a a a a a 
• B B B E B B a a B 
> « 8 B B B B 8 « 8 
B B B B B B a a m . 
i B s a s c a a a B 
e 3 3 S | s a a a B 
» « B » a B b B a a 
« 3 < B B £ a » B B B 
• B B B B B B B B B 
B B B B B B k B B B 
B B B B B B B B a B -
l a a a a a B B B B 
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V'^ 
B e ^ ^ 
Au^3 
4-/1 
T i 
U.OO 
0.00 
0.00 
0.00 
0.00 
0,00 
0.00 
0.00 
+ p 
UOp ^ 
Th'-'^ 
Y^3 
„ +4 Zr 
0 . 0 0 
0 . 0 0 
0 . 0 0 & S . F . 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
A number of b inary and t e r n a r y mixtures were resolved 
with the help of these systems. Development with 
strontium n i t r a t e separa tes the follo\\dng mixtures J 
Gu"^^, Co"*"^  (0 .68 ck 0 .90 ) ; Gd"^^, Cu"^ ^^  (1 .00 & 0 .70 ; ; Gd"^ ^ 
As"^ "^  (1 .00 & 0 .00) ; Cu"^^, Ni"^^ (0 .70 and 0 .92) ; Bi^"^, 
Cu"^^, Cd^^ ( 0 . 0 0 , 0.70 and 1 .0) ; Pb"^^, Cu"^ ^ and Cd"*"^  
( 0 . 0 0 , 0,70 and 1 .0) . Mixtures separated with ammonium 
hydroxide were! Ag"^  , Cu"*'^ , Hg'^ 'o ( 1 . 0 0 , 0.30 and 0 .00) ; 
Ag"^^, Gu"*"^ , Pb"^^ ( 1 . 0 , 0.30 and 0.00) and Ki"^^, Cu"^ ^ , 
Go ( 1 . 0 0 , 0.30 and 0 .00) , R^ values are shown in 
b r a c k e t s . 
Papers impregnated \ d t h s t ront ium carbonate alone 
and with a mixture of s trontium carbonate and strontium 
chromate vrere also used for s imi la r s t u d i e s , but no 
improvement in the r e s u l t s was obta ined. 
+ +2 
b to 150 micrograms of Ag and Hg p vrere spot ted 
and the p l o t of spot area Vs concent ra t ions i s shovm in 
Fi pure 11 . 
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D I S G U S S I O K 
The -Drinciple of p r e c i p i t a t i o n chromatography i s 
d e l i g h t f u l l y simple. Le t us supnose t h a t we are us ing 
s tront ium chromate pa-per and we wish to study the behavior 
of l e a d ions vrith s t ront ium n i t r a t e as an e l a e n t . The 
s o l u b i l i t y product of l ead chromate and s tront ium chromaias 
are 5.8 x lu"^ and 1.8 x lO""" (Compare Table XXXIV). The 
l ead ions are d i s t r i b u t e d between the s t a t i ona ry phase 
( s t ron t ium chromate; and the mobile phase (s t ront ium 
n i t r a t e ) since the s o l u b i l i t y product of l ead chromate i s 
comparatively very small the r e a c t i o n , 
Sr GrO^ + Pb"^^ ^==^ PbCr04 + Sr^ "** 
+ ? goes towards the r i g h t and the Rf value of Pb i s zero 
which i s r e t a i n e d as l e a d chromate a t t h e point of 
app l i ca t i on . 
A s imi l a r explanat ion may be advanced to extslain 
the behavior of s i l v e r ions using ainmonium hydroxide as an 
e l u e n t . This r e s u l t s in the formation of Ag(I\iHo)p complex. 
This does not exchange s i g n i f i c a n t l y vjith s t ront ium ions 
J-
since Ag (NHo)p probably does not form an inso lub le 
chromate. The s o l u b i l i t y product of copper chromate i s 
s l i g h t l y smaller than t h a t of s t ront ium chromiateilience the 
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Cu i o n s a r e n e i t h e r r e t a i n e d e n t i r e l y a t t h e p o i n t of 
a p p l i c a t i o n nor t h e y m i g r a t e comple t e ly t o t h e s o l v e n t 
f r o n t . The R^ v a l u e s a r e t h e r e f o r e 0 .40 - 0 . 7 0 . 
T A B L E - XXXIV 
S o l u b i l i t y of some chromates ( 5 , 6 ) 
Metal 
ion 
. + 
Pb-^2 
+ 2 
Hg 2 
g^ + O 
Cd'"^ 
Sn'^ '^  
Sn^2 
La^3 
^ +3 
Ce 
Fe 
4-? 
U..O2 
v+2 
Solubili-
gms/100 , 
water. 
2.6 X 
6.8 X 
10 
10 
v.si.s. 
8.5 X 
Ins. 
S 
SL.S. 
0.02 
Ins. 
W 
v.s. 
A 
10 
ty ; 
gms 
-3 
15 
-5 
in 
of 
Metal 
ion 
+ 2 
Go 
+ 2 
Ba "^  
0 +2 Sr 
,. +2 hg 
+ 2 
Gu "^  
Tl"*" 
Al''^ 
^ +3 Cr 
+4 Th 
Y+3 
Solubility in 
gms/100 gms of 
wate r. 
Ins. 
Ins. 
-4 3.7 X 10 
1.8 X 10"-^ -
V.S. 
1.9 X lO"'^  
6.2 X 10"^ 
W 
A 
Ins. 
S 
I n s . I n s o l u b l e . S- s o l u b l e , ¥ : s o l u b l e i n w a t e r , 
V .S I .S* Very s l i g h t l y s o l u b l e . A. Sc^Ui-it. y^. o^cuL 
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C H A P T E R - VII 
Distr ibution Coefficient of Antimony in 
Anisole-Formic acid system. 
Liquid l iqu id extraction i s a convenient method 
for the separation axid determination of inorganic elemente 
in complex mixtures. Radiotracers offer simple and rapid 
methods of analysis for the species extracted. Applica-
t ions of various extractors for the determination of 
antimony i s summarized in Table XXXY. A reference to t h i s 
table shows that no studies have been reported of the 
extraction of Sb and Sn in anisole from formic acid 
systems. Our studies on the separation of Sn and Sb had 
shown tha t anisole-formic acid system i s v-ery efficient 
for the separation of Sn and Sb. I f we could find out 
the d i s t r ibu t ion coeffi^cients of Sn and Sb in anisole-
aqueous formic acid systems t h i s may help in the correla-
t ion of Rf values m t h the d is t r ibut ion coefficient and 
i t may give us a new pair of solvent systems for the 
extraction of t i n and antimony. The present \-;ork was 
therefore undertaken to determine the d is t r ibut ion 
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coe f f i c i en t s of t i n and antimony in anisole-formic acid 
systems. The t r a c e r technique was used in these s t ud i e s 
s ince i t i s simple; f a s t and e legan t . 
T A B L E XXXV 
L - L Ex t r ac t ion of Antimony and Tin. 
Element 
e x t r a c -
t e d . 
Sb 
S e p a r a t i o n Aqueous 
From phase 
Mo 
Many 
c a t i o n s 
F i s s i o n 
p roduc t 
Mg 
Al loys 
C i t r i c a c i d 
Methyl 
V i o l e t 
4-llIvi HCl 
H C l - B r i l l -
i e n t g reen 
HCl 
7M HCl-
s 6M H3PO4 
PRgl-lethyl 
F luorone 
Ka-Die thy l 
d i t h i o c a r b -
dmate 
7M HCl 
Organic Phase 
Benzene ,Toluene 
T . B . P . 
Benzene 
I s o p r o p y l e t h e r 
D i i s o b u t y l c a r b i n o l -
n Heptane 
Ml BK 
E t h y l a c e t a t e 
B u t y l a c e t a t e 
4-Methyl 
2 -Pen tano l 
Carbon T e t r a 
c h l o r i d e 
I s o b u t y l a c e t a t e 
B i s i s o b u t y l 
Ca rb ino l 
Reference 
(16 ) 
( 28 ) 
( 15 ) 
( 36 ) 
( 17 ) 
( 20 ) 
(35 ) 
( 1 4 ) , ( 1 7 ) 
( 29 ) 
. . . Contd. on next page . . . 
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6M HCl- Carbon Tetra Chloride (9),(24;, 
Rhodamine- Chlorobenzene 
B-^-, • ' , 
6M HCl- B r i l l i a n t g reen 
Na KOg Toluene 
KI ,K2S04 M I B K 
or HCl 
As,Bi H^SO. , M I B K 
Many HCl d i f f E t h y l a c e t a t e 
M e t a l s cone . 
" T . B . P . 
" M I B K 
HoSO^j Benzene 
HGIO4 
Many l-m HCl E t h y l a c e t a t e 
c a t i o n s KS 
T l - I r HgSO^^ Chloroform 
Cupfer ron 
Many p H 9 . 2 E D T A - Sod. d i e t h y l d i t h i o 
c a t i o n s KaCK carbamate ch loroform (2^ 
9N H2SO4 Benzene (39 ) 
KI 
¥ , ¥ , F e 3-6M HCl " ( 1 9 ) , ( 2 3 ) , 
(38) 
Sn Zn HCl-Amm. C a r b o n t e t r a ( 3 ) 
Ace t a t e c h l o r i d e 
Many HCl T r i s ( 2 - e t h y l Bew^yl) 
Elerne n t s pho sphene o xi de ( 27) 
i n cyelohexane 
. . . Contd . on next page . . . 
( 32 ) 
( 1 ) » ( 3 1 ) 
( 7 ) 
( 33) 
(12) 
(25 ) 
( 8 ) 
(25 ) 
( 40 ) 
( 18 ) 
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Most HCIO. ,KaI , 
E l e m e n t s KaClO^ 
S o i l 
Fe 
H C l , S.Gft 
a s c o r b i c 
a c i d 
H C l j A s c o r b i c 
a c i d 
N u c l e a r T^ H 0 . 8 , 2 C ^ 
R ^ t o r IvH^Cl 
I n - S b 
Pb 
Sb 
Many 
M e t a l s 
8 - Q u i n o n o l 
A l i z a r i n e 
Blue^K HCl 
4M HI , K I , 
HgSO^ 
7 - 8 M HCl 
H2SO4, 
KH4CM 
IM HIVO3 
4 . B M H F 
6.9M HI 
KI-1 .5W 
. H2SO4 
pH 2 . 5 - e 
B e n z e n e 
E t h y l a c e t a t e 
M I 3 K 
C h l o r o f o r m 
G y c l o h e x a n o n e 
E t h y l a c e t a t e 
E t h e r 
A m b e r l i t e L A 2 / 
XJrlene 
E t h y l a c e t a t e 
B u t y l p h o s p h o r i c a c i d 
B u t y l e t h e r 
E t h y l e t h e r 
E t h y l e t h e r 
II 
8 - Q u i n o n o l i n 
C h l o r o f o r m 
( 6 ; 
( 2 2 
( 3 7 
( 4 ) 
( 1 0 ; 
( 1 4 ) 
( 2 1 ) 
( 3 4 ) 
( 3 0 ) 
( 1 3 ) 
If 
( 1 1 ) 
( 5 ) 
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E X P E R I M E N T A L 
Reagents* Antimony __ 125 t r i c l i l o r i d e >jas obtained from 
Atomic Energy Establ ishment Bombay. Ten ipl of so lu t ion 
contained 540 microcur ies . E. Merck hydrochlor ic ac id and 
formic ac id were used. Anisole (Bush^ was d i s t i l l e d 
before u s e . 
Apparatus J The r a d i o t r a c e r was measured with a micro-
p ipe t t e and the sepa ra t ion of the l a y e r s vras performed in 
50 ml sepa ra t ing funnels . )&-emission was measured from a 
counter . Supplied by A.E.E. Bomibay. Planchets of 
diameter 2 cms with a cav i ty of diameter 1 cm were kept 
on an aluminium p la te which v/as i n s e r t e d in the counter . 
Rubber gloves were used to avoid the contact of 
radio ac t ive mater ia l with the sk in . Cel lotape was used 
to cover the p l a n c h e t s . s t a n d a r d i z a t i o n of antimony and 
hydroCI'JIoric ac id s o l u t i o n s was made \\'ith sodium hydroxide 
and •Dotassium permanganate s o l u t i o n s . 
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R E S U L T S 
Measured qiaant i t ies of hydrocW-oric ac id were 
added to the ani sole-formic ac id (HI) mixture » t o stud}^ 
the separa t ion of l a y e r s . Almost equal l a y e r s of the 
organic and aqueous phases were formed when 14 ml of 
ani sole-formic acid ( U l ) vrere mixed with 1 ml of hydro-
ch lo r i c acid . 0 .1 M so lu t ions of antimony t r i c h l o r i d e 
in hydrochlor ic ac id ranging from 3 - 8 M were prepared. 
1 Ml of each so lu t ion v/as shaken with 15 ml of ani s o l e -
formic acid mixture and 0 .1 ml of i sotope s o l u t i o n . On 
at ta inment of the equi l ibr ium 0.1 ml por t ions of the 
l i q u i d s from the aqueous and organic phases were taken 
ou t , poured in the clean p lanche ts j d r i e d with a lamp and 
subjected to p count ing. Resul t s are recorded in 
Table XXXVI. 
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T A B L E - XXXVI 
D i s t r i b u t i o n of antimony in hydrochlor ic acid-
anisole-forrnic acid system. 
Strength 
of HCl 
3 M 
4 M 
6 M 
8 M 
Counts in 
aq.phase. 
338 
3U1 
460 
4-6 2 
Counts in 
organic 
phase 
222 
220 
261 
210 
% 
organic 
phase. 
39.8 
42.2 
36.2 
• 31.2 
of Sb 
aq.phase 
60.2 
57.8 
63.8 
68.8 
A more d e t a i l e d study vas performed to confirm 
the fac t t h a t 3 or 4 M hydrochlor ic ac id gives h ighes t 
percentage of antimony i n organic phase. Kine samples 
of hydrochlor ic ac id (2-8 M) were prepared. Strength 
of antimony was f ixed a t 0.2 M and 0.5 ml of hydrochloric 
acid with antimony was added to 7 ml (1*1) mixture of 
anisole-formic a c i d . 0 .1 ml of t he r a d i o t r a c e r was 
•K added and 0 .1 ml por t ions of the separated l aye r s were 
taken out for the p count ing. Resul t s are summ-arized in 
Table XXXVII. 
j 
i li 
f]:] 
ttS 
fit-
tTJr 
•*^U - (4 . 
|i:w:h 
i.:' .! 
WM 
• M 
ff|m+-f-.-r 
^ F : i a 
444-'''--
• 4 f . H U 
1 ij 
iff ^ 
r 
^ Tt 
TlT 
|giTi«;-T*i rM 
ffltt 
croTT 
Ijl'jll 
H|T[|j|{iI 
IJlHmjl. t 
1 { 1 [:: 
[. i u.! 1 
I : x i i j ; J 
' • flit ] K S 
TO" : ffi 
H -J-
r T 
ttl 
.:;rj ffii 
^ 
'•Zi 
i'-'i (... 
Ifis 
• • • J T 
•HT 
^T^T 
itt 
HI II 
rf flJ-T 
T++T 
+++*• 
1 * 1 
« i 
f^  ! ffli;g 
ffi ' 1 
•• ' •, :u-i •-•a3i*w-«riaa3iOasas«a»«Bi 
HtJUf^B 
^Bs l l l l ' s i 
^ l a r c l a i p i 
!•••••••• BHBS5ess»a«a»amasa«B as »aa-<'?s 
( • • • • • • • • 9 B M B 9 e a o « « » B B a B » « » e e £ * ) t i t « E 4 ^ 
••• • • • • • • i l !En«HaB»asBsssKfi^3Hi:t^i^SrG^^-; ' 
• • • • • • a s B a » s B 9 x a B s a « e 9 9 s e B s e & £ » ^ » i ! ^ 3 ! S - « 
• ' •«•B*l3a^••7 l*I^S¥S?5n^v*tGga*8rBH»»t«5i ; 
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l aanaBBaBaaBBaaBaaaBBaaBBBaae^aBBBBBi 
iBaBBBBBaBaBBaaiBaaBaBBBBaaBBaBBBBaa' 
iBBB8BaraB»BBB>B«aaBaBP&aB««B>BBaaa««i 
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iaBBBaBBBB«RBft»»»«$ t*i )8BSB«aBBBR«KKeaa*e BBB 
l>BB8«Bai?eB<I»»»«>lB!EMF« 
B»aa««sBBaB»B& t-*»%i *!*&•• 
• 8BetBBBBaBRB«BBSltf>f»»I 
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T A B L E - XXXrai 
D i s t r i b u t i o n of antimony i n 7 nil anisole 
formic acid and 0.5 ml hydrochlor ic acid. 
Strength Counts i n Counts i n ^ of antimony 
of HCl aqueous organic Organic Phase Aq.phase 
phase phase 
/ 2 mnts. - / 2 mnts. 
2 M 
3 M 
3.5 M 
4 M 
4.5 M 
5 M 
6 M 
7 M 
8 M 
1998 
1366 
1680 
J„%2^f> 
1723 
1 O Q Q 
1877 
1784 
1683 
948 
826 
999 
766 
745 
686 
733 
746 
748 
31.8 
37.6 
36.8 
32.5 
30.0 
25.6 
27.9 
28.9 
30.6 
68.2 
62.4 
63.2 
67*5 
70.0 
74.4 
72.1 
71.1 
69.4 
Background counts in Tables XXXVI and XXXVII were 
32 and 40 per two m i n u t e s ' r e s p e c t i v e l y . 
Resul t s of these t a b l e s were p l o t t e d in Figures 12 
and 13. 
- 12U -
D I S C U S S I O N 
A reference t o t a b l e Xtl shows t h a t antimony i s 
ex t rac ted to a considerablte extent by the organic phase. 
The concent ra t ion of antimony in the organic phase depends 
to some extent on the concentra t ion of hydrochlor ic acid 
o r i g i n a l l y present i n the antimony sample. About 3 M 
hydrochlor ic acid i s be s t for the maximum e x t r a c t i o n of 
antimony in the organic phase. Similar experiments with 
Sn+2 -(^ JLii be requi red before the Rf values of Sn"*" and 
Sb+2 in anisole-formic acid systems can be co r r e l a t ed 
with the d i s t r i b u t i o n c o e f f i c i e n t . 
- 1 2 1 -
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NOTES 
Paper chromatography of Sn^ + and Sb'*'^  
Sn^+ and Sb*+ axe rather difficult to separate by paper chromatography^ and very few 
good separations^ of these cations have been reported. The separations obtained by 
HARASAWA* and STEFANOVIC et al* could not be confirmed by LEDERER^ or by us. 
The paper chromatography of these cations was therefore studied more exhaustively. 
As a result some good separations have been developed. 
Some of the solvents tried were: propionic acid, butyric acid, isovaleric acid, 
palmitoyi chloride, acetyl chloride, acetic anhydride, anihne, diethylamine, methyl-
cyclohexanone, anisole, aUphatic alcohols, acetaldehyde, formaldehyde, quinoHne, 
TABLE 1 
ASCENDING CHROMATOGR.4PHY 
I 
2 
3 
4 
5 
6 
7 
I 
2 
3 
4 
3 
4 
* Formic acid-anisole ( i : i) 
Formic acid-anisole (i'. 2) 
Acetic acid-formic acid ( i : i) 
Acetic acid-formic acid (1:2) 
Formic acid-but>Tic acid ( i : i) 
Formic acid-propionic acid (1:1) 
Formic acid-propionic acid (1:2) 
Sn'+ 
0 . 2 6 
0 . 1 4 
0 . 3 3 
0 . 4 2 
0 . 3 6 
0 . 1 9 
0 . 1 6 
Rp 
TABLE II 
DESCENDING CHROMATOGRAPHY 
* Formic acid-anisole (1:1) 
Acetic acid-formic acid (1:2) 
Formic acid-butyric acid (1:1) 
Formic acid-propionic acid ( i : ij 
Sn'+ 
0 . 1 4 
0 . 3 9 
0 . 3 1 
0 . 3 3 
^F 
TABLE I I I 
CIRCULAR CHROMATOGRAPHY 
* Formic acid-anisole (1: :.•< 
Acetic acid-formic acid (i : . ; 
Formic acid-butyiic acid ( i : .. 
Formic acid-propionic acid ' : -
S»'+ 
0 . 3 9 
,-..5:! 
0-.53 
o , 3 P 
KR 
S6'^ 
0 - 5 4 
0 . 4 4 
0 . 4 7 
0 - 5 3 
0 . 5 2 
0 . 4 1 
0 . 4 0 
5t»+ 
0 . 5 0 
0 . 4 7 
0 . 4 6 
0 . 4 8 
S6»+ 
0 . 6 7 
0 . 6 7 
0 - 5 3 
0 , 6 2 
Time 
h 
2 
2 
2 
2 
Time 
h 
2 
2 
Time 
mm 
2 0 
2 0 
2 0 
2 0 
z.4-hexanedione, lactic acid and io 
tartaric acid, citric acid amnrvniiin-
and sodium bisulphite 
I, >oluti9ns of urea, thiourea, succinic acid. 
-hloT'dc; sodium chloride, potassium chlorid<: 
NOTES 27;. 
Papers impregnated with the following organi.. and inorganic adsorbents wer^ -
also used: ammonium oxalate, ammonium carbonate, glucose, naphthalene, benzoii 
acid and sodium chloride 
The successful separations are given in Tables I, IT and IIT The systems that 
gave the best results are marked wath an asterisk. 
In order to find out whether the separations can be of use m qualitative analysis 
M/$ test solutions of SnClj and SbClg were mixed in different ratios and separated 
by ascending chromatography using a mixture of anisoie and formic acid ( i : i) as the 
developer. In all cases good separations were obtained. The papers were conditioned 
for I hour prior to chromatography. The results are summarized in Table IV, 
[ABLE Cv 
;iI:PAKATION OF MIXTURES OF S n ^ + AND S b ^ + OF VARYING COMPOS* II'J'V 
Ratio of 
SnCl^iSbClg 
'. . I 
:y--
•i '• 
'i: 2 
'•3 
-1-4 
Sn'< 
0.18 
0 19 
0 . 2 2 
O.-IO 
0 . 1 7 
0 . 1 7 
Xp 
Sc'+ 
0.5 . , 
0 . 5 1 
0 - 5 3 
0 . 4 8 
0 . 6 1 
0 . 5 2 
Time of 
— development 
h 
' 
The test solutions were diluted to M/50 and Mfioo. When these solutions were 
spotted and developed with anisole-formic acid (1:1), after conditioning for one hour 
good separations were obtained. The results are summarised in Table V 
TABLE V 
jEP,t\R!\TION OF Sn^+ AND S b ' + AT HIGHER DILUTIONS (ASCENDING TECHNIgUEi 
Concn. of test 
solution 
Ml^u 
Ifiux-
Sn^•^ 
0.06 
0,01 
. _ 
Rp 
S6»+ 
0 . 3 8 
o^V 
Time of 
— development 
h 
.. ^  , 
The zones of Sn^+ were always compact, well defined and well separated, while 
•.tie zones of Sb^^ were sometimes a little diffuse 
On repeating the separation reported by STEFANOVI6 et al."^ it was found that 
oesides being time-consuming (21 hours) their method is not reproducible. Similarly 
he separation advocated by HARASAWA^ fails under the conditions specified. It is 
possible that m our separations formic acid plays a beneficial role by preventing the 
..xidatjon of Sn^ "*- and Sb*+ to higher valence states. 
Butyric acid commercial 50% (E. Merck) and anisoie, free from alcohol (Naarden), 
were used. All the other chemicals were of reagent grade, either from E. Merck, or 
British Drug Houses. Schleicher & Schiill No, 2043a sheets were used for ascending 
md descending chromatogTaph\' Whsimsrt Ni.i r filter paper circles (diameter 12.5 
,• Chromatog , 8 ( I Q 6 2 \ 2 7 6 ,>V" f 
276 ^OT> 
cm) were used with the Kawerau apparatus Tr e iVf/5 test solutions oi SnClj and Sb(. i.^  
for the experiments given in Tables I-IV were prepared as follows 
1.89 g of SnClj and 2.28 g of SbClg crystals were dissolved in 15 ml of cone HCl 
separately and the solutions were then diluted to 50 ml with distilled water. The M/50 
and M/ioo test solutions were prepared by subsequent dilution with 30% HCl. Two 
spots (approx. 0 0014 ml) of each of the two rest solutions were applied to the test 
paper with a thin glass capillary. The cations were detected by hydrogen sulphide gas. 
The room temperature wa^ 2'c" -r i ' 
the authors are grateful t^ DT WASIUR RAHMA\' lor useful suggestions and to Dr 
\ R KiDWAi Head of the Departrnxm of Chemistr}', for providing research facihties 
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Paper Chromatography of Metal Ions in Formic Acid-alcohol 
Systems: Separation of Tin and Antimony from 
Numerous Metal lons"^ 
Mohsiu Qureshi and Mukhtar A. Kban 
Chromatographic behaviour of 29 common cations has been studied in alcohol-formic acid ratios of 9:1, 
7:3, 5:5, 3:7, and 1:9. Theplotof^f value of a metal ion against %formic acid provides an S-shaped curve, 
the JJf value increasing with increase in the acid concentration. 
Sn»* and Sba* show exceptional behaviour. In butanol-formic acid (1:9), these have JSf values (Sn = 
0.50; Sb = 0.62) even though most metal ions either 'tail' from the 'point of application or have zero Bt values. 
This behaviour and other structural effects have been eixplained in terms of the polarity of the chromato-
graphic system. 
Antimony is one of the metals, separation and determination by paper chromato-
graphy of which are rather difficult. We had developed earlier an anisole-formic acid solvent 
system' for the successfal separation of Sn""'' and Sh^* by paper chromatography. Later, 
during a study of the separation of various valence states of mercury and antimony, it was 
noticed that formic acid showed an unusual behaviour with respect to antimony^. I t 
was therefore decided to study systematically solvent systems containing formic acid for 
the paper chromatography of metal ions and to interpret the change in i?j- values with 
change in the nature and composition of the solvent systems used and to develop success-
ful methods for the separation of tin and antimony from numerous metal ions. 
Lederer^ described the use of water for separating antimony from common metal 
ions. This method, however, suffers from some limitations. The concentration of Sb should 
be rather high, i.e.,0.1 to 0.3 mg. per drop. Even then the separation is not complete and 
some ions (e g., Bi^ '^ ) are coprecipitated with antimony. Since no other paper chromato-
graphic method for the separation of tin and antimony from numerous metal ions has 
been reported, an effort has teen made to develop such a method. 
E X P E R I M E N T A L 
Formic acid (E. Merck, Darmstadt) was used. All other chemicals used were either 
reagent grade chemicals or these were purified by usual means. Whatman No. 1 paper was 
used throughout. 
•Presented at the first Annual Convention of Chemists, held under the auspices of the Indian Chemical 
Society in Bombay in December, 1963. 
1. Qureshi and Khan, J. Ghroamtog., 1962,8,276. 
2. Idem, Anal. Chem., 1963, 35, 2051. 
3. Anal. Ghhn. Acta, 1948, 2, 261. 
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The paper chromatography was performed by the ascending technique; 3 X 15 cm 
strips were developed in gas jars. Time of conditioning and time of development Were 
respectively 15 and 45 min. 
The ions of the H^S group were detected with yellow ammonium sulphide. Aluminon 
was used to detect A13+, Cr3+ Fe^^, Ca''+, Ba=+, Mn»+ Zn=+, Mg^+, andBe=+. Alizarine was 
used as a spraying agent for La3+, Ce^*, Zr*+, Th*+, U*+, and V**. 
Solvent systems containing the following alcohols were studied: methyl, ethyl, 
w-propyl, isopropyl, w-butyl, isobutyl, »-amyl, isoamyl, *-amyl, allyl, octyl, benzyl, and 
cyclohexyl. The results are summarised in Tables I-IV. The tables for the remaining 
nine alcoholshavebeen omitedforthesakeof brevity. In the tables the following of abbre-
viations have been used: M for methanol, B for butanol, A for allyl alcohol, C for 
cyclohexanol. The alcohol-formic acid ratios used -were: (1) 1:9, (2) 3:7, (3) 5:5, (4) 7:3, 
(5)9:1. 
The ratio numbers are shown in parentheses. The solvent number consists of a symbol 
to represent the alcohol used with a subscript to denote the ratio number. TbusMj stands 
for methanol-formic acid mixture in ratio number {l),i.e.,l :9; M^ signifies methanol-formic 
acid mixture in ratio number (2), i.e., 3:7 and so on. B{ values of 29 common ions in 65 
solvent systems are reported. 
DISCUSSION 
In most cases the plot of the B{ value of a metal ion against the percentage of formic 
acid in the system provides S-shaped curves (curve a, Fig.l). Very few attempts 
have been made to study and analyse this behaviour and to correlate the i?f value of a 
metal ion with changes in the nature and composition of the solvent system. It is true 
" that polarity, as some workers use it in reference to multi-component systems is some 
thing of a puzzle*". However, if we use.two component systems of varying compositicn, 
keeping one of the components as fixed, the polarity of the system changes in a systematic 
manner and the chromotographic results under these conditions show a systematic pattern. 
Thus if the same acid is mixed with different alcohols, it should be possibleto correlate the 
R( value of a metal ion with the proportion and the nature of alcohol concerned. 
Cassidy' reported that the Bi value of a particular amino-acid followed the order: 
methanol>ethanol>n-propanol =• isopropanol><-butanoI, which is also the order of 
dielectric constants of the solvents. We have also found that for systems containing the 
Same percentage of formic acid, the J?f values of most metal ions follow a similar pattern. 
At low acid concentrations, the jBf values are small because the system is only slightly acidic 
an d because the e.quilibira involving ionic species are controlled by the acidity of the mobile 
phase. Low acidity favours the retention of the charged species by the a queous gel. Taking 
w-butanol-formio acid system as an example, we find that in 9:1 ratio most metal ions 
either tail or have B[ values close to zero. This is because the small quantity of acid is not 
4. Heftmaaa, "OhrMnatography", p. 102, Eeiahold Pnblislung Co,, 1961, 
5. "Fundamentals of Chromatography", Interscienoe. Kew York, 1957. 
PAFMn GHBOMATOGBAPHY OF jrfSTAlL I02JB IN FOBJflC ACID-ALCOHOL SYSTEMS 6W 
gufficiejit to chfick hjdrolysis aad to form the appropriate ions for migration. Of the 2S 
metal ions chromatographed, only Sn"* and Sb^^ show an exceptional behaTJour and have 
Bf values greater than 0.50, All the cations either tail from the point of applietion or have 
£f False* chme to zero. This beharioHr ofBn"* and Sh^* is probably dae to the fact that 
tb«se jform aieharged eojoapleis^s wHh formic acid, which have high partition 
<!3affiiieots io a3a'p3l*r solreata. This uniqiie beha-vioar of the two eatioos is fio^eir 
reflected in tJiefact that a« tbs> perei^tage of formic acid i§ increased, the Bf vajjias of ifce 
two«a.tiaoiirema)b relativelystationary m all the systems studied (carve h, Fig. 1). 
The behaviour of Ag+ andHge** also needs some explanation. Ag* does not migrate 
owing to possible reduction. Hg/+ probably disproportionates. This may be deduced 
from the fact that frequently Hg/+ gives rise to double spot formation. One spot has 
zero i?f value for metallic mercury and the other spot has an Ei value close to that 'Rg'^. 
B5 „ . * 
M 3» •« it iO 70 SO 10 MO 
%Formie acid. 
FIG. 1. Sf values in formic acid—^alcohol 
(a) Most metal ions. 
(b) Sb3* and Sn«+. 
No. of C atoms. 
FIG. 2. Change in iJf of moat metal ions witlt increase 
of C atoms in alcoliols. 
1-8 refer respectively to MeOH, StOH, m-PrOH, 
n-B>iiOH, ii-AmOH, and n-octyl alcohol. 
At low formic acid concentration, e.g. (0-20%), the increase in -Bf value with increase 
in formic acid concentrations is slight due to non-availability of sufficient formic acid to 
check hydrolysis and to form appropriate ionic species. At high formic acid concentra-
tions (70%), the increase in acid concentration does not significantly change either polarity 
of the system or the ionic species present. Hence the i?f values do not show a marked 
change. I t is only in the range of 20-70% formic acid concentration that the Jl{ values of 
metal ions are most sensitive to the acid concentration and this is reflected in the increase in 
the slope of the curve. In this way we can qualitatively explain the form of an 'S ' -shaped curve. 
This general trend is noticeable in almost ail systems whatever may be the alcohol 
used, l^btjbaool Is one exeeptioa. In this case tfae Bf values-do not charge significantly 
with change in formic acid concentration. The departure from the general behaviour may 
be attributed to ike b^h B . E. C oim^Haam^l |32.6§). MMUim Kftforam acid to methanol 
does not change significantly the polarity of the system and the iJf values remain almost 
unaltered. 
^ it is »otfoed that one© agamao S-shapedearve is obtam.-
«id <Fig. 2). IJJ this ease, &e lower aleofcol m mopsi polar aad therefore givra rise to a higher 
678 M. QUBESHI AND M. A. KHAN 
jBf value for the cations. An imcrease in the flumber of carbon atoms decreases the polarity 
of the systems and hence the ^f values also keep on decreasing. When *i-propanol is re-
placedbyanunsaturatedalcohol, likeallyl,thereisin general an increase JA the i?f values 
owing to the higher dielectric constant of the system. For similar reasons it has been notic-
ed that Bi values are ia most cases higher in Draached chain alcohols when compared 
with their straight-chain }Somers. Similarly .Rj values in benzyl alcohol and in cyclohexanol 
systems can be explained on the basis of the polarity of the systems. There are a few ex-
ceptions to this general trend, which need further study before definite conclusions can be 
reached. 
Bs 
0 4j M, ft cu oJ Ai S» " M e» Hi ij, Mo. in «»• B~ s* Mj Ot TK zv U ^». H 
T'lQ. 3. SepaTation of Sn^l' -witK oyololiexanol-formio acid (7:3). 
B5 
0 -IJ /^ 5 n CJtt ck ^i 34 it Cf ft( Co Zn. Mn.<»^ 6a.SV «JCt H) Zy 1» ^ U T* » 
PIG. 4. Separation of Sb3* with oyolohexanol-formio acid system (7:3). 
Formic acid-cyclohexanol (3:7) system proved very efficient for the separation of 
Sn'''" and Sb^^-from numerous metal ions (Fig. 3 & 4). Separation of binary mixtures contain-
ing a particular cation and Sn'* or Sh^i was tried. In each case successful separation was 
obtained; only Hg'^ i" andFe'* interfered. Sn**^  andSb^* have JRf values close to 0.65, whereas 
^A:PER CHBOjiA'tOGRAPHy OP MEtAL lONS iN FOBjilC ACli)-ALC0HOt SYSTEMS 6% 
other metal ions have B[ values equal to or lower than-0.20. This solvent can therefore 
be used with advantage for the isolation of tin and antimony from numerous metal ions. 
The authors are grateful to Prof. A. R. Kidwai, Head of the Department of Chemistry, 
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Fast Paper Chromatography of Different Valence 
States of Mercury and Antimony 
MOHSIN QURESHI and MUKHTAR A. KHAN 
Prince of Wales Chemical Laboratories, Department of Chemistry, Aligarh Muslim University, Aligarh, India 
• A decrease in the separation time 
of metals in differing valence states 
is effected by use of a suitable solvent 
system. A number of solvent systems 
are studied for the separation of 
H g r - H g * ' and S b * ' - S b " . The 
most selective separation of Hg^^-
H g " is obtained with a mixture of 
HNOa-HCI-isopropanol; Sb* ' -Sb* ' 
separations are efficient in a mixture of 
acetic acid-v/ater-ethyl acetate. R/ 
values are given for ions which are 
likely to interfere in the procedure, 
and the phenomenon of double spots is 
discussed. 
THE TIME of separation is a par-ticularly important factor in the 
paper chromatographic separation of a 
metal in different valence states. If the 
separation time is long enough, some 
interconversion of valence state may 
occur. Also, one of the valence states—• 
Sb+' in the present case—may be suf-
ficiently reactive to interact slowly with 
the paper or the solvent system. 
Several techniques may be utilized to 
decrease the separation time, including 
the use of a higher temperature, cen-
trifugal chromatography, or choice of a 
proper solvent system. A higher 
temperature may increase the rate of 
interconversion, as well as decrease the 
separation time, and centrifugal chro-
matography requires specialized equip-
ment. Therefore, the choice of a 
proper solvent system offers the 
simplest solution to the problem. 
The importance of the study of such 
separations has been discussed pre-
viously (l-S). A fast solvent system 
(3) was reported for the separation of 
Fe+^andFe+^. This paper summarizes 
recent findings on the separation of dif-
ferent valence states of Hg and Sb. 
These separations were reported 
earlier by Bighi (1) and Pollard (2). 
We could not reproduce Bighi's separa-
tion of Hgs"*"- and Hg+''. The separation 
of Sb+' and Sb+^ as reported by 
Pollard, requires 1 hour, and Sb+' tails. 
Neither Bighi nor Pollard mentions the 
selectivity of the separations. There-
fore, we have made a more detailed 
study and developed faster and more 
selective solvent systems. 
EXPERIMENTAL 
Apparatus. Development was per-
formed in 20-X 5-cm. glass jars, using 
the ascending method. The dimen-
sions of the paper strips were 15 X 4 
cm. 
Reagents. All results were ob-
tained on Whatman No. 1 paper 
using reagent grade chemicals. All 
solvents were purified by distillation. 
Mercury Test Solution. Three grams 
of freshly prepared mercurous nitrate 
(mercurous nitrate E. Merck, which con-
tains an appreciable quantity of mer-
curic nitrate, was treated with dilute 
nitric acid and mercury until colorless 
crystals of mercurous nitrate appeared) 
were dissolved in 50 ml. of approxi-
mately 3M HNO3. Two grams of 
mercuric nitrate were boUed with 5 ml. 
of coned. HNO3. Spotting was done 
with 0. IM solutions. Ammonia gas and 
ammonium sulfide were used as 
detectors. 
Antimony Test Solution. The Sb+' 
solution, 0.2M, was prepared as re-
ported earHer (4). The 0.2M SbCla 
solution ill HCl was boiled with KCIO3, 
cooled, and filtered. This was used as 
the Sb"'"'' solution. Ammonium sulfide 
and H2S gas were used as detectors. 
Rhodamine B was used for the detection 
ofSb"^='only. 
RESULTS 
To develop suitable methods of 
separation, a number of pure solvents 
were examined. The results are sum-
marized in Table I. 
Separation of Hg2"^' and Hg-^''. 
The following solvent systems gave 
fast separations of Hgs"""^  and Hg"'" :^ 
0AM HCl (Si); 15% aqueous am-
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monium acetate-3M HNOa-SM HCl 
(6:1:1) v./v. (82); 3M HNOs-SM HCl-
isobutanol (1:1:10) v./v. (S3); and 
3M RNOs-SM H C H s o p r o p a n o l 
(1:1:10) v./v. (Si). In all these solvent 
systems, Hg2+^ has an R/ value of 0.00. 
Si is the simplest system giving fast 
separations (E/ Hg+2 = 0.81). When 
the concentration of HCl is gradually 
varied from O.IM to approximately 
3.00M, the two R/ values as expected 
remain almost constant. In 3M HCl, 
the Hg2+2 spot is rather elongated. 
In 1S2, Hg+2 has an R/ value of 0.84. 
When the proportions of Hg+2 and 
Hg2^ in the sample were gradually 
varied from 4:1 to 4:16, the two R/ 
values remained constant. When the 
concentration of the sample applied was 
gradually altered from 0.2 to 0.0131, no 
significant change either in efficiency of 
separation or in the R/ values was 
found. After 5 minutes of development 
the distance between the spot bound-
aries was 1.9 cm. Of the common 
cations studied as impurities, only 
Ag+, Sn+2, and B\+^ affected the 
separation. In all other cases, good 
separations were obtained. Sn+^ affects 
the separation by its reducing action 
on the Hg2 +2_Hg +' system. In S3, Cd +2 
{Rf = 0.30), Bi+3 {R, = 0.30), and 
As+' (0.40) have R/ values significantly 
different from those of Hg2+^ and 
Hg+2 {Rf = 0.61). S4 is even more 
selective than S3. Cations having 
Rf values different from those of 
H g r and Hg+2 (Ry = 0.66) are As+3 
(0.43), Sn+2 (0.90), Fe+' (0.30), Al+s 
(0.20), Cr+3 (0.30), Mn+2 (0.22), Ca+2 
(0.20), Ba+2 (0.20), Sr+2 (0.24), and 
Mg+2 (0.22). Cations with Rf values 
not significantly different from Hg+2 are 
Cd+2 (0.63), Bi+3 (0.60), and Sb+3 
(0.61). Cations with Rf values not 
significantly different from Hg2'''^ in-
clude Ag+ (0.00) and Pb+2 (0.00 T). 
Double Spot Formation. Hg^'' 
gives two spots when developed with 
15% ammonium acetate solution and 
20% ammonium chloride solution. 
In both cases the Rf values are 0.00 
and 0.84. Since mercurous is not 
known to form any complex, the 
possibility is that one spot is due to 
mercurous nitrate while the other spot 
is due to mercurous acetate (when 
developed with ammonium acetate) and 
mercurous chloride (when developed 
with ammonium chloride). However, 
when hydrochloric acid is added to 
ammonium acetate, the double spot 
formation is prevented because in this 
case mercurous nitrate is efficiently 
converted to mercurous chloride. 
Separation of Sb+' and Sb+^ 
A number of developers were tried 
for this separation—e.g., isopropy] 
ether, chloroacetic acid, benzyl 
cyanide, dioxane, ethyl acetate, ethyl 
propionate, acetic acid, propionic 
acid, butyric acid, acetone, pyridine, 
s 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
Table 1. Rf Values in Various 
Solvent 
Formic acid 
Acetic acid 
Propionic acid 
Butyric acid 
Ethyl acetate 
Propyl acetate 
Methyl alcohol 
Isoamyl alcohol 
Allyl alcohol 
Dioxane 
Isopropyl ether 
Anisole 
Acetone 
Ethyl methyl ketone 
Acetyl acetone 
Isopropyl alcohol 
Water 
Abbreviations: S. F . = 
Sb+» 
0.50 
0 .21-0.53 
0.30 
0.00 T. 
0 .00, 0.12 
0 .00, 0.20 
0.00 T. 
0.00 
0.64 
0.00 T. 
0.00 
0.02 
0 .00, 0.20 
0 .00, 0.15 
0 .00, 0.20 
0.72 
0.00 T. 
solvent front; T 
Solvents 
Rf values 
Sb+s 
0.40 
0.70 
0.48 
0.20 
0.00 T. to 
S F 
0.00 T . t o 
S.F. 
0.71 
0 .00, 0.90 
T. down 
from S.F. 
0 .3 -0 .61 
0.15 
0.05 
0.93 
1.00 
0.00 T. to 
S.F. 
0.80 
0.64 
. = tails. 
Hg+= 
0.80 
0.50 
0.00, 0.60 
0.00, 0.20 
0.00 
0.00 
0.00 T. 
0.00 T. 
0.64 T. 
down 
0.00 T. 
0.00 
0.00 
0.00 T . t o 
S.F. 
0.00 
0.00 
0.00 
0 .00, 0.61 
HS2+' 
0.00 & 0.80 
0.00 T. 
0.00 T. 
0.00 T. 
0.00 T. 
0.00 
0.00 T. 
0.00 T. 
0.00 
0.00 T. 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 T . t o 
S.F. 
0.00 T. 
acetyl acetone, cyclohexanone, aceto 
phenone, ethyl methyl ketone, propyl 
alcohol, isopropyl alcohol, n-butyl alco-
hol, tertiary butyl alcohol, and anisole. 
None of these were successful. Separa-
tions were obtained, however, by using 
glacial acetic acid-water-ethyl acetate 
(1:1:1). This solvent will be called S5. 
Mixtures containing Sb+' and Sb+^ 
in ratios varying from 1:3 to 9:3 were 
efficiently separated by this method. 
The Rf of Sb+' fluctuated from 0.65 to 
0.71, while Sb+' was always at the 
solvent front. Almost all important 
cations were developed with S5. The 
cations whose Rf values differ signifi-
cantly from those of Sb"*"' and Sb"*"^  are 
given in Table II. 
Of the common cations tried, the 
following have Rf values close to that of 
Sb+'. Rf values: Hg+2, 0.76; C\i+\ 
0.75; Sn+2, 0.78; A1+', 0.64; Cr+3, 
0.60; and Mn+2, 0.60. None of the 
cations tried have Rf values close to 
Sb+^ 
Double Spot Formation. Sb+' gave 
double spots in a number of cases which 
are shown in Table III . 
DISCUSSION 
The separation of Hg^^ and Hg'*''' 
proved more difficult than expected. 
Acetic acid differentiates fairly well 
between Kg.+^ and Hg+2 (Table I). 
A number of solvent systems containing 
nitric acid, acetic acid, and water in dif-
ferent ratios were tried. In most of 
these solvents, Hg2+^ and Hg+^ when 
separate gave different Rf values, but 
when a mixture of the two cations was 
used the separation was not distinct. 
Best results were obtained with Se—i.e., 
acetic acid-3M HNGs-water (3:1:2). 
If the concentration of nitric acid was 
less than that in St the mercurous ion 
Table II. Noninterfering Cations 
Cation Rf Cation Rf 
Ag + 
pb+2 
Ca+2 
As+3 
Fe+3 
O.OO(tails) 
0.40 
0.58 
0.50 
0.53 
Co+2 
Ni+2 
Zn+2 
Sr+2 
Mg+2 
0.47 
0.33 
0.54 
0.55 
0.50 
Table III. Rf Values of Double Spots 
of Sb+3 
Rf Values 
Developer 
Ethyl acetoacetate 
Benzyl cyanide 
5% Solution of thio-
urea in butanol 
12M" Chloroacetic + iso-
propyl ether(1:1) 
First 
spot 
0.00 
0.00 
Second 
spot 
0.14 
0.12 
0.00 0.50 
0.00 0.20 
was not completely transferred from the 
point of application, owing to its strong 
interaction with paper. If, on the 
other hand, the concentration of nitric 
acid were increased, the Hg2"'"'' was 
transferred comjjletely from the point 
of application. The solvent system was 
then so polar, however, that the paper 
did not function as differentiating 
medium between the two cations. To 
achieve fast and efficient separations, 
precipitation chromatography was tried 
using Sj and S2. These solvents proved 
to be fast but nonselective. Pb+2 and 
Ag+ had Rf values close to zero, while 
all the other common cations had Rf 
values close to those of Hg+2. 
To attain both speed and selectivity, 
complexation chromatography was 
superimposed on precipitation chro-
matography. Methyl alcohol was 
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added to the HCI-HNO3 system. The 
result was that mercurous ion began to 
tail, owing to its strong Interaction with 
methyl alcohol. When methyl alcohol 
was replaced by isobutyl alcohol, the 
system became less polar and Hgj+' 
gave a compact spot. Three ions gave 
Rf values significantly different from 
those of Hg2+' and Hg+'. With iso-
propyl alcohol, which is intermediate 
in polarity between methyl alcohol and 
isobutj-1 alcohol, the system became 
fast, selective, and efficient. 
A reference to Table I shows that 
Sb+' and Sb+' have different Rj values 
in a number of organic solvents—i.e., 
acetic, propionic, and butyric acids; 
dioxane, acetone, ethyl methyl ketone, 
methyl alcohol, and isopropyl ether. 
And, therefore, a number of excellent 
separations are possible with slight 
modifications in these solvents. All 
efforts to separate Sb+' and Sb+' using 
individual organic solvents failed be-
cause most of them were not sufficiently 
polar. Acetic acid gave an elongated 
spot owing to its low ionization. The 
addition of water increased the ioniza-
tion of acetic acid sufficiently to give 
compact spots. Because of the high 
polarity of the system, however, AR/ 
was very small. The addition of 
ethj'l acetate decreased the polarity of 
the system to such an extent that A R/ 
became significant. 
It was noticed in this study that the 
higher valence state almost always had 
the higher R/ value. This is easily 
understood because the higher valence 
state has a greater covalent character 
and therefore a greater complexing 
power. Of the solvents we studied only 
formic acid appears to be an exception 
to this trend. The R/ of Sb+' in formic 
acid is smaller than that of Sb +'. 
In the homologous series of fatty 
acids studied, the R/ values decreased 
with an increase in molecular weight 
owmg to a decrease in the polarity of the 
system. In this case also formic acid is 
an exception. The R/ value of Sb+' in 
formic acid is less than in acetic acid. 
We are makuig a more complete study 
of the behavior of formic acid and the 
findings will be reported later. 
The importance of time of separation 
in such cases has been emphasized 
earlier. To incorporate it in paper 
chromatography we suggest that the 
time required for a 1-cm. separation 
between spot boundaries should be 
mentioned where necessary along with 
other data. A paper chromatographic 
separation may be classified as fast, 
rapid, normal, slow, or extra slow ac-
cording as this time (t) is 0 to 30 min-
utes, 30 minutes to 1 hour, 1 to 6 
hours, 6 to 24 hours, or more than 24 
hours, respectively. Time for the 
Hg2"''^ Hg+=' separation with iSj and 
S4 is 10 minutes, and for the Sb"*"'-
Sb+' separation with Si is 20 minutes. 
Hence, both these separations may be 
classified as fast. 
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